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Jet reconstruction analyses

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

pileup interactions underlying event
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Background as a limiting factor
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p T, chjet ( )
Source Pb-Pb p—Pb
PTchjet (GeV/c) 60-80 80-100 100-120 | 60-80 80-100 100-120
Prior 1.0%  3.0% 5.0% 0 0 0
30% 3.0%  50% | 1.0% 05%  1.0%
Tracking efficiency 0% .0% 0% 3.0% 3.0% 3.0%
Unfolding (iterations, range) | 1.0% 3.0% 4.0% 0.5% 1.0% 4.0%
Total 6.0%  8.0% 9.0% 3.5%  3.5% 4.5%

Table 1: Systematic uncertainty in mean jet mass from different sources in the 10% most central Pb—Pb

collisions (left) and minimum-bias p—Pb collisions (right).
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Probability density

Background subtraction: two-step process
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Si m u Iatio n Setu p [https://github.com/JetQuenchingTools/JetToyHl]

Background

e Randomly distributed in (7, ¢) e Pythia8 dijet event
e Thermal distribution with This talk: {(pr) = 100 GeV
Cnl <3, \/s =5.02 TeV

This talk { (Nye) = 7000,12000
Ly = (pr) = 1.2,0.7 GeV/c

o JEWEL (back-reaction off)

This talk: {pr) = 150 GeV
\/s =5.02 TeV

PYTHIA8 + Thermal background == p+p collision @ HL-LHC
JEWEL w/ E-loss + Thermal background == Pb+Pb collision @_LHC



BACKGROUND ESTIMATION



A decade of progress

e Area-median: an unbiased method v Cacciari, G.Salam Phys. Lett. B659 (2008) 119-126]

pjet — et _ IIlf:d(p)Ajet

T,reco T, raw raw

oSuper\/iSed |earning approach [R. Haake, C.Loizides, PRC 99, 064904 (2019)]
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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
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For every patch, i, compute
_Pri
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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=——
\

.
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)Alj,gw

algorithm



Area-median: an unbiased method

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

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

*Data-driven, unbiased, correct (pit —pl* )

e No control over background fluctuations (needs unfolding)
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Supervised learning approach

[R. Haake, C.Loizides, PRC 99, 064904 (2019)]

med(p)A ~..
................... >
Nconst ......................................................... > bk
> g
14100 i visesssssssssssssssszeszese »
angularltles ................... T,ML
______ v
Pry > Pra > --- > Prg
b [ T T T T | T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ]
@ 014 pYTHIA 2.76 TeV + thermal toy o Neurag net\évorkth e
o - L _ —— Area-based method I
S 012 Charged anti-ky jets A =0.4 -=— Random forest —] Estimator Inclusive jets Quark jets Gluon jets
= - P;[ush et = 40-60 GeV/c —+- Linear regression - Fit param. (GeV/c) |Mean o Mean o |Mean o
% 0'1:_ ’ ] Area-based method (0.7 7.8 (0.8 7.3|09 7.7
< 0.08~ ] Neural network 02 35 1.0 3.1|-05 3.6
r F . Random Forest 0.1 40 (0.7 3.6/|-0.8 39
0_06:— —: Linear regression |-0.5 4.2 0.8 38|-14 4.1
0.04 —|  TABLE L. Properties of the residual distributions for the considered
~ -]  estimators for 40 < pt{”ghjet < 60 GeV/c. Mean and o represent mean
0.02|— ]  and standard deviation of the Gaussian fits, respectively.
O C PR I ]
—40 -30 30 40
prec - ptrue (GeV/c)

T, ch jet T, ch jet



SoftKiller: introducing a soft pr-cut

[M. Cacciari, G. Salam and G. Soyez Eur.Phys.J. C75 (2015) no.2, 59]

A

dN

dp T,const

pT P T,const

If there is no signal below the pr-cut, exact handle
on background fluctuations

jet jet —
< Treco T,truth> o

jet jet
(p T,reco —P truth) 0




SoftKiller: introducing a soft pr-cut

[M. Cacciari, G. Salam and G. Soyez Eur.Phys.J. C75 (2015) no.2, 59]
dN

*Choose pr-cut such that 74 dpr

and p,;"¢ balance each other

jet jet
<p T,reco - P T, truth>

A

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

Any background estimator that relies on a soft pI-cut is sensitive
to QCD radiation below this threshold
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Hard-soft correlations within a QCD jet

| | >
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Hard-soft correlations within a QCD jet
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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




PYTHIAS8 + Thermal background
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PYTHIAS8 + Thermal background

Probability density
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p-correction HScorr

¢ 23% improvement
w.r.t area-median

* 6% improvement
w.r.t SoftKiller Radi

-100 -50 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*¥ 0.2940.29 12.10+0.21
p-correction 0.3740.31 12.03 £ 0.21
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JEWEL w/ E-loss + Thermal background

Hard to know pﬁmthdue to energy loss + cannot switch off the backgrouna

cut,soft . . . i i -
) jet __ajet _
—— > pp"* " minimizes o(pi —pit ) in JEWEL w/o E-loss

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

[GeV /(] Mean |Standard deviation|A¢ruth
med(p)A . -0.6140.17 14.73+0.12 10.1
SoftKiller R*Y || 2.904+0.12 10.91+ 0.09 7.55
p-correction 2.9610.12 10.924 0.09 7.6
p-correction HS¢oy; || 2.04£0.12 10.344 0.08 6.9
[— Aputhr Arund: interval in p%ieco — p%f:mt centered around 0 and containing 1/2 jets

Better resolution but not straightforward to control
the bias due to in-medium modifications



SUBTRACTION METHOD



Constituent subtraction

[P. Berta, M. Spousta, D. Miller and R. Leitner JHEP 1406 (2014) 092]

bk
< Drg = PINEA, = med(p)A,

1) For each jet, compute all the ghost-to-particle distances

AR; = P{f,i\/ ;i = 5> + (d; — ¢¥)* and sort them from smallest to largest.

° fpr;>pripri— =0, 8& pi, =0
2) For each pair,
* If pT,i < p’%,k: pT,i — O&& p’lé:,k - = pT,i

3) Remove every particle/ghost with pr =0 @



Probability density

Constituent subtraction beyond area-median
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Constituent subtraction: the role of a
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pTSampler Subtractor

Exploit that background and signal particles have
distinct anqular and momentum distributions

w e
P T dp, —— <Bkg>
.......... Sig+bk
%(Sig+bkg) o] g g
A e » | _ ,bke
T (bkg) |[F—— [ J_pT
T,const Pr
Z ..(bkg)
P(p; € bkg) = — p;f = with % e (0,9 (sig + bkg))



sta m p I e r S u bt ra Cto r [Mehtar-Tani, ASO, Verweij, In preparation]

Exploit that background and signal particles have
distinct anqular and momentum distributions




sta m p I e r S u bt ra Cto r [Mehtar-Tani, ASO, Verweij, In preparation]

1 Cluster all particles (sig+bkg) in the event with anti-kt R=0.4

2 Foreach jet, generate 5 cones with n = — 7., R = 0.4,¢p € (0,27)

3 For each particle in the jet obtain its Z(p; € bkg)

4 Sort the list of particles from largest to smallest probability

B Add particles to the background list until PTbkg > PTb,lzft



pT reconstruction
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Mass reconstruction
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pTSampler leads to an improvement of ~1GeV on the
jet mass response wrt to CS when using rhoCorrection



Wrap-up

e Jets are instrumental both for BSM searches and to bolster our
knowledge about in-medium modifications and QGP

e Overwhelming and fluctuation background is a showstopper for
precision physics

* \/ery sophisticated background subtraction methods on the market

e Qur goal: obtain similar performance in a simpler fashion thanks to QCD

p-correction+pTSampler

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

Soon in FastJet/contrib



