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Jet reconstruction analyses

Cluster all particles in the event with kr / anti-kr/ Cambridge-Aachen

pP+p c . % A+A

y /
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Jet reconstruction analyses

Cluster all particles in the event with kr / anti-kr/ Cambridge-Aachen

pileup interactions underlying event

O,



Background momentum density per unit area | p = ——

Median p

300

[GeV/Area]
N
)

N
o
o

IIIIIIIIIIIIIIIIIIIIIII

Gen. PYTHIA 8, Minimum Bias

150

100

50

L

llllllllllllllllllllll

)

pp future i

B I | IIIIII

pp present

0O 80 100 120 140 160 180 200

(PU)

—
o
w

—
o
™

10

1

300

250

200

150

100

50

R=0.4

Gen. HYDJET

\ - | | | | | L | L I L | |
- A
.
4 - . -
s s o

PbPb Present -

-
o
N

-
o

—

500

1000 1500
NCoII ‘

~0-10% PbPb at 5.02 TeV

HL-LHC and HIC background contamination

punoibxoeg ob.e ul s1of Jo uoniuled 8yl,, 1e Mlel uuinoN O]

e

©



A two-step process

bk
Py -
—>
e Background fluctuates event- e [t should work best when the
by-event. background is known exactly.
e Fluctuations make any subtraction e Can be done at the particle level
method inaccurate by definition. on the full event or jet-by-jet.

How to mitigate background fluctuations?



Simulation setup for LHC

Background

e Randomly distributed in (1, @)

e Thermal distribution with

Cn] <3,
This talk (N, = 7000,12000
Lu = (pr) = 1.2,0.7 GeV/c

e Pythia8 dijet-event
This talk: {(pr) = 100 GeV

e JEWEL w/ and w/0 energy
loss (no recoil)

This talk: (pr) = 150 GeV
/s =5.02 TeV
0-10%

PYTHIA8 + Thermal background == p+p collision @ HL-LHC

JEWEL w/ E-loss + Thermal background == Pb+Pb collision @_LHC

®



NEW: Simulation setup for RHIC

Background

e Randomly distributed in (7, @) e JEWEL w/ and w/0 energy
loss (no recoll)

e Thermal distribution with
This talk: (p1) = 10 GeV

s = 200 GeV
0-5%

|n| <3,
This talk < (M) = 600
Lu = (pr) = 0.6 GeVle

JEWEL w/ E-loss + Thermal background == Au+Au collision @RHIC

Samples available at https://github.com/JetQuenchingTools/JetToyHI

®



BACKGROUND ESTIMATION METHODS




Area-median: an unbiased method

[M. Cacciari, G.Salam Phys. Lett. B659 (2008) 119-126]

Cluster all particles (sig+bkg)
In the event with kt algorithm




Area-median: an unbiased method

[M. Cacciari, G.Salam Phys. Lett. B659 (2008) 119-126]

Cluster all particles (sig+bkg) ::> Remove the 2 hardest jets
In the event with kt algorithm from the sample

4

For every patch, i, compute
_Pri
=—

l

Pi




Area-median: an unbiased method

[M. Cacciari, G.Salam Phys. Lett. B659 (2008) 119-126]

Cluster all particles (sig+bkg) ::> Remove the 2 hardest jets
In the event with kt algorithm from the sample

For every patch, i, compute

A <:: _ Pr;
N pPi=——
\

b .
o I E E E E = BN N NN N N N
3

Ai
\ X
med(p) U p
Cluster all particles (sig+bkg) - - -
in the event with anti-kr :> p:lrereco = "erraw — med(p)Aﬂ:W

algorithm

©®



Area-median: an unbiased method

[M. Cacciari, G.Salam Phys. Lett. B659 (2008) 119-126]

>
jet et
p T,reco 1% T,truth

. : jet jet
- Data-driven, unbiased, correct (Pf eco ~ Pr iruth!

- No control over background fluctuations



SoftKiller: introducing a pr-cut

[M. Cacciari et al. Eur.Phys.J. C75 (2015) no.2, 59]
A

dN
dp

4 If there is no signal below the
pr-cut, exact handle on
| background fluctuations
[ jet et _
<p T,reco T,tlruth> =0
jet et _
> 5(19 T,reco T,truth) =0

jet et
p T,reco p T, truth




SoftKiller: introducing a pr-cut

[M. Cacciari et al. Eur.Phys.J. C75 (2015) no.2, 59]

In reality, signal and background overlap in momentum space

A

dN
dp

How to find the value of pr-cut?



SoftKiller: introducing a pr-cut

[M. Cacciari et al. Eur.Phys.J. C75 (2015) no.2, 59]

* Choose pr-cut such that Pyt
and ;- balance each other

jet —___jet -
<p T reco p T ,t1ruth>

e But...this actually requires a
large degree of fine tuning

“SoftKiller Radi”

dN :
|
>
Pt
r— 4
L2 -
> L
8 2~ ¢ <N>=7000,u=1.2 GeV/c
T_C 0:_ 7 <N>=12000,u=0.7 GeV/c
2 -
R
o} N
8 -4
3 B
s~ F
o -6—
VvV PYTHIAS8
-8 softKiller
et
10 pT’truth>1 20 GeV/c
—12_‘_ | | | | | | | I | [




Impact of signhal contamination

Any background estimator that relies on a soft momentum cut Is
sensitive to QCD radiation below this threshold

o F
S -
o> FE  PYTHIAS
O 410 P >120Gevic
A = o12GeV/
Vv — u=1. ev/c
%/)' = [Softkiller p™ cut
30:— Py ¢ pT,i<pT
25— = — E .
m * RkT 0.4 ! - pT< pT,l
200 [Esig
15
— o
10
s
O—IlllillII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o 05 1 15 2 25 3 35 4 45 5




Hard-soft correlations within a QCD jet

| | >
p;ut,soft p;ut,hard pT,const
O N
S 30 . . .
T Signal fluctuations in
N, 0 the soft pr-region can
»n_+ L —— g
V20 Tt be mitigated by
< 1 knowing the width in the
g PYTHIAS hard sector. What about
e e | other metrics? Machine
- <N>=7000, u=1.2 GeV/c i
5 P! 5120 GeVie learning?
O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 01 02 03 04 05 06 07 08 09 1
Width




The p-correction approach

X<,soft

cut,soft cut,hard

pT p T,const

[Mehtar-Tani, ASO, Verweij arXiv:1904.12815]




The P =CO rreCtiO n ap p rOaCh [Mehtar-Tani, ASO, Verweij arXiv:1904.12815]

1 Cluster all particles $ Remove the 2 hardest

E%T;:ﬁzﬁrnths_%vznt with patches from the sample

cut,soft

1 Pr>Pr

For each patch, P> =7 Z Pri ::> med(p.,)

l

cut,soft

Re-cluster the whole event | Pr<Pr
?  (sig+bkg) in the event with For each jet, Pre= Z Pri
anti-kr algorithm, R=0.4 ;

3  Foragiven psot measure (p;.2) in low pileup proton-

proton collisions



The 10 =CO rreCtiO n app I‘OaCh [Mehtar-Tani, ASO, Verweij arXiv:1904.12815]

pstttt = 0 : Area-median

peitsott = pRitSE - SoftKiller Rir

* Neglecting (pSIg) -term, {

cut soft

* Role of (pSIg) correct for the signal contamination below p

- If measured inclusively,p-correction

- If measured as a function of width,, ;..4,p-correction HScor

Value of p$"t"? |arge enough to be in the background-free region

p; hard = 5, (1 average momentum of bkg constituents)



The p-correction approach

[Mehtar-Tani, ASO, Verweij arXiv:1904.12815]

* Prescription to choose peit=oft: minimize o(p!® ety

T

: : A
jet __aJet
O-(p T,reco 1% T,truth)

T,reco — P T,truth

p — correction




RESULTS

[Mehtar-Tani, ASO, Verweij arXiv:1904.12815]



p+p@HL-LHC

— 20
O |
~ |
% 18l <N>=7000, u=1.2 GeV/c PYTHIAS
5 - Y] med(p)A P >120 GeVic
— - | & p-correction T.trth
-_,% 16_—
ko) i‘ 2 AALE ERRRRRERARRARARA A SR SRR SRR SRRARARNNNNNN
Cllo 14:—
3 B
B = 120 TSI SIS SIS SIS SIS,
o -
S 1o
8[— [<N>=12000, n=0.7 GeV/c
- | 2] med(p)A
6— p-correction
_|||||||||||||||||||||||||||||||||||||||||||
0 0.5 1 1.5 2 2.5 3 3.5 4
cut,soft
P

cut,soft

Plateau-like region around the optimal p;

No need to fine-tune




p+p@HL-LHC

Probability density

—
<

—
<
N

1073

P

L _jet
— T,trut

PYTHIAS

—<N>=7000,u=1.2 GeV/c
>120 GeV/c

- - - SoftKiller R

— p-correction HS
corr

p -correction HScorr

¢ 23% improvement
w.r.t area-median

* 6% improvement
w.r.t SoftKiller Radi

0 50 100
jet _ jet V/ "
pT,reco pT,truth[Ge C
[GeV /] Mean |Standard deviation

med(p)A | -1.51+0.36 14.664+0.25
SoftKiller R*¥ 0.29+0.29 12.10+0.21
p-correction 0.3740.31 12.03 £ 0.21
p-correction HScor || 0.4940.28 11.39 £0.21




Pb+Pb@LHC

(rough) Assumption: energy loss is a higher-order effect.

:> P minimizes o

:>Apply (p;fi) as measured in low pileup p+p

jet

p T,reco — P T, truth

jet

) in JEWEL w/0 E-loss

[GeV /(] Mean |Standard deviation|A¢ruth
med(p)A . -0.6140.17 14.73+0.12 10.1
SoftKiller R*% || 2.9040.12 10.91+ 0.09 7.55
p-correction 2.9610.12 10.924 0.09 7.6
p-correction HSo. || 2.0440.12 10.34+ 0.08 6.9

[_Atruth’ Atruth]: Iﬂterva| Iﬂ p%et

_ et
,reco p T,truth

centered around O and containing 1/2 jets

Better resolution but no way of controlling the bias
due to in-medium modjifications




NEW: p+p@RHIC

Ty 2.8_
\ —
% i
26_ . .
O Th ?r@;um;mm’v
2 24— i S
-.qz- ﬁ ><><><><><><><><><§
o R RIS G IR EIEIIIEEIEEE5:
9 2.2
3 B
o - B
- B
~ 21—
o) B l l
18- P+P@200 GeV
s | med(p)A
— <N>=600, u=0.6 GeV/c
1_6__pjet >20 GeV/c * p-correction
_I -Ir,trrjthl | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5 3
cut,soft
P u
Meth jet ____jet jet  _jet
ethod <p T,reco I% T,truth> [GCV/C] 6(]9 T,reco 1% T,truth) [GCV/C]
Area-median —0.04 £0.09 2.32 £0.06
p-correction 0.13 £0.08 1.98 +£0.05
p-correction HScorr 0.12 +£0.07 1.97 £0.05




NEW:Au+Au@RHIC

>
D I med(p)A
CICJ 107 Au+Au@200 GeV S 0 ok B p-correction
o " <N>=600,u=0.6 GeV/c | —— p-correction HS__
> ~ P >20GeVic - |7 '
. — T,truth fan =
= i .
© B
O
O
O 10 —
10_3 —_L |- J B I L [ :[ 1 | |
-10 -8 8 10
jet et -
pT,reco pT,truth[GeV/C'
jet ____jet jet  _jet
Method <p T,reco P T,truth> [GCV/C] 6(]9 T,reco P T,truth) [GeVic]
Area-median 0.05 +0.09 2.28 +£0.06
p-correction 0.39 +0.08 2.02 £0.06
p-correction HScorr 0.37 £0.07 2.02 £0.06




Wrap-up

e Background subtraction essential for jet studies both in HL-LHC and
heavy ions

® p-correction is a new method based on:

: cut,soft A jet et
- Choice of p; to minimize o(py . = P yui)

_ jet ___jet : :
(P reco — Prugy UNAeET control via an experimentally

accesible quantity (p®

- Introduce QQD hardjsoft correlations as a tool to
improve 6(]9 ”ineco - P "er,iruth)

- To be combined with a subtraction method
[Y.Mehtar-Tani, ASO, M. Verweij in preparation]

Keep tuned and find more on: https://github.com/aontoso/JetToyHI



