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Plan

# Introduction: background effects on jets

# Jet reconstruction methods: how to subtract the background?
» Jet-area based subtraction: our proposed method
s Performance tests: how well do we do?

# A case study in HlI:
dijet asymmetry, what room for quenching?
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Introduction
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The challenge

Best illustrated with an example (dijet, p; > 100GeV)

ke "
From “clean” pp... ...to busy AA

plGev] G e —— antki (R=06) |
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» p; Shift (net contamination)
» resolution degradation (fluctuations in and across events)
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The challenge

Best illustrated with an example (dijet, p; > 100GeV)

From “clean” pp... .10 busy AA

antikt (R=0.6)

I p, [GeV]

And it can get worse!!!

antikt (R=0.6)
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Effects

» Background added to the jet: (inside an event!)

hard hard
Pijet — Prjet = Prier T PAjer £ 01/ Ajet

. A= Jet area (for each jet)

. p = background density (for each event)
s o = background fluctuations (for each event)
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Effects

» Background added to the jet: (inside an event!)

hard hard
Pijet — Prjet = Prier T PAjer £ 01/ Ajet

» Back-reaction:

No background With background
° o '...-.‘.'.". ° o
® .-.::-..'-'.'
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"l T loss {::':-:- .'% gain

®
®
®
L
®
L
e

-p.5



Effects

» Background added to the jet: (inside an event!)

hard hard
Pijet — Prjet = Prier T PAjer £ 01/ Ajet

» Back-reaction:

No background With background
* . ..-.-.t_'_". ° o
o oo Sunmiiye %® °
e :: * . ;.;:E:::E:i;-;. ::.
"l T loss {?i;;- ::\:.'f'ﬁ> gain

This talk: “subtracting p, discussing the effects of ¢”
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Typical numbers

Default: anti-; jets R = 0.4, 0 — 10% centrality

Estimates | LHC, PU | RHIC, AA | LHC, AA
0 15 GeV | 90 GeV 200 GeV
o, 4GeV | 15GeV | 40 GeV
o 5 GeV 8 GeV | 20 GeV ()
Ajet 0.5 0.5 0.5

0Pt jet 7.5 GeV | 50 GeV 100 GeV
Tiet 35GeV | 7GeV |16 GeV (2

Notes:

1. o, = fluctuations of p across different events.
Importance of a event-by-event subtraction

2. to be discussed later on!
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Background subtraction



Jet-area-based subtraction
(sub)
Prjer. = Phjet — PhkgAjet

Jet area A per jet
Bkg density phi.: (typically) per event



Jet-area-based subtraction

sub)
Ptiet = Ptjet — Pbkg/ijet

# jet area: throw ghosts particles (area quanta) in the event
s defined to mimic the reaction to the background
s Implemented in FastJet
s analytic handle

[GeV] ‘ "k‘, R=1 . b

anti-k,, R=1

-p.8



Jet-area-based subtraction

(sub)
Pijet = Prjet — PbkgAjet

# jet area: throw ghosts particles (area quanta) in the event

® puie, the background p, density per unit area

s Cluster with £, of C/A with “radius” R, 35— ' " median
30 °

s Estimate ppy, USINg
o

Prkg = Mmedian {Zﬂ}

jEjetS ]




Subtraction uncertainties (1/2)

@ Background fluctuations: (inside an event!)

hard
Ptjet = Pt T PbkgAjet £ Tbkgr/ Ajet

Hint: e.g. using filtering (beyond this talk)

® Back-reaction:

anti-k; ~ circlular jets (rigidity!)
= no back-reaction
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Subtraction uncertainties (2/2)

©® Background non-uniform (e.g. rap dependence)

local range R

p(j) =

“Ymax

: Dt,j
median
JER(]) {A;;f }

27

Ymax

Yiet — A Yjet +A

27

p(j) = f(y;)median

allj’ { Aj f(yjr)

p(y) [GeV]

.8 |- "Seen": 22 charged tracks, p>100 Mev, |y|<2.5

2 7 p(y)=(1.051141-0.023608y*+0.000022y") fpe, GEV ]

rapidity rescaling

DPt.j’

T T T T T T T 1 T
Vs=7 TeV, Pythia 8150, tune 4C mmblé}}ﬁ ——

Fraction of seen events: f,,,=0.697114
L L L L L L L L L

S5 4 -3 -2 -1 0 1 2

y
f from minbias
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Subtraction performances
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Framework for study: embedding

Hard (Pythia) event ... embedded in background

vy N '5GevI )
p, [GeV] hard jots | p, [GeV]

full jets |

] R e N ——
1204 e 120N e

100{ ............................................................. 100{ .....................................

» Get the jets and apply subtraction in both cases (R = 0.4)

test different methods for p estimation
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Framework for study: embedding

Hard (Pythia) event ... embedded in background

e I hardjets | plGevi T

full jets |

140

............................. L 1409 g T N
1204 RN 1204 e R

100{ ............................................................. - 100{ ........................................................ ..

» Get the jets and apply subtraction in both cases (R = 0.4)
» Match the 2 hardest jets

at least 50% of the hard contents recovered after embedding

Efficiencies > 95%
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Framework for study: embedding

Hard (Pythia) event ... embedded in background

e hard jets I pGevl T e

full jets |

140

_____________________________ 140
1203 RN 1209 W e T

100N e e TN 1009 e N

» Get the jets and apply subtraction in both cases (R = 0.4)

» Match the 2 hardest jets

» Subtraction quality: Ap; = p?ard%kg,sub _ p?ard,sub

s Study (Ap;) and oa,
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Framework for study: embedding

Hard (Pythia) event ... embedded in background

hard jets |

full jets |

o g LA0P T e
1203 W 120> ..............................................................
R I | wi o b
g0 TN Mg o NG —

god- T e 60T W
40 e 40T

203 203

0

» Get the jets and apply subtraction in both cases (R = 0.4)

» Match the 2 hardest jets

» Subtraction quality: Ap; = p?ard%kg,sub _ p?ard,sub

s Study (Ap,) and oa,
» Flexible: vary jet definition, subtraction range, Monte-Carlo, ...

Can even use real minbias data for the background
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Disclaimer

Many possible plots:

» as a function of y, pt jet, npy

s LHC pp + PU, RHIC AuAu, LHC PbPb

s Monte-Carlo variations

s HI: quenching, centrality

s Detalls of the subtraction (jet def, range, ...)

Only a minimalistic (hopefully representative) shown!
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Ap; distributions

Direct measurement of the residual subtraction error for each
individual jet:
Example for PbPb collisions at LHC(5.5 TeV)
107 ¢ T T T | E— 107 T | ]
- LHC(5.5 TeV), |y|<2/4 kg —— - - 100<py parg<120 GeV anti-k, ——
i Gaussian i ' Gaussian
. 10 i [Dp,F-8.4 GeV B o 10° ] Ap=-0.3 GeV 1
é _ 0pp,=18.6 GeV E 0 =19.0 GeV |
=103 | 1 Fw0°F B
=] I 3
s 3
104 | - 10% F -
1078 -ﬂﬂ 1 | IJ] 1 1078 I 1 n il
-100 -50 0 50 100 -100 50 0 50 100
Ap, [GeV] Ap, [GeV]

From now on, focus on (Ap;) and oa,,
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Subtraction benchmarks: rapidity dependence

Average shift vs. rapidity: LHC, anti-k;(R = 0.5) jets + (20) PU events

[Apy(y)LGeV]

14

12

10

T T
unsubtr ——

# local range & y-rescaling help

— Vs=7 TeV, Pythia8(4C), 2000PU .
anti-k, R=0.5, dijets p>100 GeV glgﬁ% E
! ! ! ! ! ! !
-4 3 2 -1 0 1 2 3

» typical 100-200 MeV average precision for PU

o Hl: afew 100 MeV, no bias due to guenching or non-central
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Subtraction benchmarks: dispersion

Residual resolution effect:

pp+(20) PU, anti-k¢(R = 0.5)

Op, [GeV]

O P N W b 01 O N 00O ©

jets

~ Vs=7 TeV

[ bkgd: k, R=0.4
1 1 1 1 I

L Pythia8(4C), [200PU
anti-k; R=0.5, p>100 GeV

unsub. ——
nPUseen ———
global ——
strip ——
y-resc. —e—

50 100

200
p; [GeV]

500

1000

Opp, [GeV]

35

30

25 -

20

15

10

PbPb, anti-k.(R = 0.4) jets

— T T T 1
LHC2760

I T T
total —e—

- 0-10% central, |y|<2.4  back-reaction —m—
anti-k;, R=0.4 background —a—
Doughnut(R,3R) range -

1 ] 1 \ 1 | | . I
40 60 100 200 500

pt,hard [GeV]

Improvement compared to “no subtraction”: no sensitivity to o,

Improvement compared to “naive subtraction”: no sensitivity to o,

P+.sub = Pt — npy.-(constant p) Ajes

Can reach large resolution effects from intra-event flucts. in Hi

(effect o< /pt from back-reaction)
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Application: pp Dijet resonnance
reconstruction
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Massive resonnance Z' — qq

Z' In the dijet mass spectrum (here My = 300 GeV)

Unsubtracted Subtracted

0.07

0.07 T .
k; (R=0.6) —— k; (R=0.6) ——
M, =300 GeV SISCone (R=0.6) —— M, =300 GeV SISCone (R=0.6) ——
0.06 \ no pileup - --- 0.06 \ no pileup ----
with pileup k with pileup
o~ 0.05 e 4~ 0.05 N
> SR > R
) [¢] L ! a
© 0.04 e © 0.04 rot et
> 0.03 A > 0.03 TN
© ’, \ \ © ry, \ \
Z 'I/, ‘\ ‘\ >\ Z %, \\‘\
= 0.02 i v = 0.02 /o S\
X S 001 b===rrri77" '
- el N . S o F == -
0 -------- 0 ----- T —
260 280 300 320 340 260 280 300 320 340
reconstructed Z’ mass (GeV) reconstructed Z’ mass (GeV)

» Peak position corrected ((Ap;) ~ 0)
» Less smearing effects (no effect from o)
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Application: HI Dijet Asymmetry



As observed by ATLAS

[ATLAS, QI\/|2011]
;; s ACT'?;tééntg f_)-‘_IO"!’fo 1 Centrality 10-20% §  Centrality 20-30% Erq — Ero
= reliminary - 9 9
2 35 Ph4Pb \[sy, = 2.76 Te Ery>100 GeV ?2: IES E}P:THIAE Ay = Eri+ E
3 3% L =7ub E;,>25GeV +PbData T,1 T,2
int = R=04 O p+p Data 3

(1/N

Interpretation:

Ay Increasing
from pp to AA as
a conseqgquence
of quenching

4 Centrality 30-40%
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As observed by CMS

Same klnd of story for CI\/IS

[CMS, QM2011

et
i (a} CMS JLdt=351ph "Jjb} _[Ldt-ﬂTlth + (c)
0.2 ——ppVE=T.0TeV Z —+— PbPb 5 =276 TeV = | P, > 120 GeVic
c |
% i —— PYTHIA 1 —— PYTHIA+DATA '\ * Pyy > 9 GeVic
o 3 H_‘ Anti-k,, R=0.5 1 | iterative Cone, R=0.5 * + 49,,> 4 rad
™ BTN
E R 1 i’
o 1 P
= : il _ § 1
I w W gy |
f I 18 I | '
i L 1 L 50-100% | e 30-50% |
1.14".'.‘.:.~,.—.L::::}:—%.}-:*—:“'}'.}':|:::I:::'*":“I | 40
(d) T (e) + (f)
ok T =
g e
o li
5 +
@ 1
£ b4
=
g T '
w +
| ; L4
1 10-20% 0-10%
i i I-F 1 1 1 | 1 1 1 I_"I.I.‘J 1 1 e | i 1 1 I 1 1 1 | I 1 1 I_ | 1 i 1 |
1 02 04 06 08 1 02 04 06 038
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Main question

How Is this measurement influenced by
the fluctuations of the HI background?

s Example: take a “typical” pp asymmetry:
pe1 = 100 GeV, pr o =67 GeV = A; = 0.2,
Flucts: p;1 4+ 16 GeV, pi2 — 16 GeV = A; ~ 04
Fluctuations can mimic quenching

» Potential worry: Neglecting the fluctuations could
lead to over-estimating the quenching
(or misunderstanding its mechanisms)!

—-p.22



Setup

Try to stay close to the ATLAS setup:

s Pythia dijets with basic cuts
» pr1 > 100 GeV, p; o > 25 GeV
o 00| > 7/2, ly| < 2.8
s Option 1: nalve Gaussian smearing of each jet
with a Gaussian of avg 0 and stddev o, = oa,,
s Option 2: Monte-Carlo background
. embedded in (unguenched) Hyd)et
. calorimeter simulation
s Subtraction using a jet-area-based method

s Side question: Pythia dijets generated above a
pe.min threshold. How small does this have to be?
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Results — Gaussian smearing

1/N dN/dA,

1/N dN/dAG

LHC, Vs=2.76 TeV Pythia 6.4 o ' py1>100 GeV o]
anti-k, R=0.4 ;L v<28 jaobn2 o | [ Piz>25GeV o
... ] F .. ] GQ.
10 o’ 3107 F o*’ 1107 F e8®
-2 QQQ | -2 i 5880 : -2 E...;OO

10 GQ 1107 Fe 1107 F o° E
s . o0 o
2 25 2 25 3 2 25 3

Ad A¢ Ao

{10

1 10% |

E e p""-30 GeV

E O "pp"” referenceo.e

[ ..8
L de)
=_..... oo

p""=70 GeV e

s fluctuation effects increase the dijet asymmetry

» depends on o = Important to constrain oje;

» too low p;min may miss the effect in the MC
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Results — Hydjet

5 ULEL BRI BRI BLELELEL B 5 LA B RLEL A LR RLELE L ELELE B 5 LA BLEL LI BLELRLELE LU BN
40-75% 20-40% 10-20%
<
S
2
©
<
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
Ay Ay Ay Ay
105"'|""|""|'E 105"'|""|""|'E 105"'|""|""|'E 105"'I"'.'I""I'E
E LHC, Vs=2.76 TeV o] E Hydjet 1.6, Pythia 6.4 o] F py1>100 GeV o E Hydiet, p"=70 GeV g
- i =0. . 4 3 . B 3 . B - ) H d- t O 4
- 1 . anti kt’ R 0 4 QQ 4 1 . |y|<28, |A(I)|>TC/2 .. 4 1 . pt,2> 25 GeV .. 4 1 . o - y "]e f .. A
< ° E E () E 3 ) E E ppre ®
o ® ] i e ] i e ] i &
> o ] i ® ] i ® ] i Y Yo ]
S 1ok ¢® 1101 [ o® 1101 [ o® 110 b 00°0° i
z 10 ¢ 8 110 ¢ oo 110 F o8 110 Fpee®®®o
= E o0 ] [ .00 ] [ e®_O ] [
5 L ® i - L ..O 1 - le ® OO ] » L OO i
102 ¢ o 1107 Fed® 1107 F o° 1107 F o°
:Q 1 1 1 i :o 1 PR | il n: -O 1 1 1 ] -O 1 1 1 i
2 2.5 3 2 25 3 2 25 3 2 2.5 3
A9 A9 Ad Ad

» Same concl.: fluctuations may matter quantitatively

» Most central, oie ~ 17 GeV
similar to Gaussian with o;; = 20 GeV
= non-Gaussianities play a role too.
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ALICE flucts. measurement

Frequent “complaint” that o of 20 GeV Is way too
large and HYDJET has too much fluctuations!

That is not what ALICE sees:

T T
Oleiohg) = 11.5 GeV ALICE —@— |
10 VDIET HYDJET (unquenched) ]
B Ojet(chg) =11.4 GeV :
PbPb, 0-10%, Vs = 2.76 TeV
= Single track embedded |
g 10° | 40<P, 12<80 GeV, |y|<0.4 -
= Charged tracks only
g s anti-k;, R=0.4
Z 10 -
pd
=
10 T 4
10°

-40 -20 0 20 40 60 80
AP; = Py rec ~ Pt track [GeV]

track—Jet, charged—all, calorimeter — oj; ~ 17 GeV
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Conclusions

» Jet-area-based background subtraction:
s removes average and event-to-event flucts.
s corrections for rapidity/positional dependence
s Subtraction performance ~ 100 MeV

» Independent of calo

s left with intra-event fluctuations

» Applications:
s Pileup subtraction in pp collisions

. Heavy-ion underlying-event subtraction
(watch out for the flucts.)
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FastJet 3

FastJet 3.0.1 just released together with the manual [arXiv:1111.6097]

# Interface: a jet knows about its structure, e.g.
cl ust seq. constituents(jet);
— jet.constituents();

o Generic additional info in PseudoJdet: j et . extra.i nf o()

o Improved bkgd subtraction: (e.g. local ranges, rescaling, ...)

s Jet Medi anBackgr oundEst i nat or
s &I dMedi anBackgr oundEst i nmat or
s Subtractor

# FastJet substructure tools e.g. Fi | t er + taggers

Check outhttp://wwv. T astj et.fr]|(feedback welcome)
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Alternative subtraction schemes

ATLAS CMS

s Cluster the jets s In each calo rapidity strip

«in each calo rapidity strip | compute (£;) and og,
compute average cell £; | ssubtract (E;) + og,

» exclude jets with « from each cell

EF*/(Er) > Doyt (= 5) s Cluster the jets
« recompute average cell E;| , exclude jets with £y >10 GeV
s Iterate cut . iterate

» Subtract that average
from the jets

Noise removal
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Alternative subtraction schemes

ATLAS CMS

s Cluster the jets s In each calo rapidity strip

«in each calo rapidity strip | compute (£;) and og,
compute average cell £; | ssubtract (E;) + og,

» exclude jets with s from each cell

EF*/(Er) > Doyt (= 5) s Cluster the jets
= recompute average cell ;| , exclude jets with E;>10 GeV
s Iterate cut . iterate

» Subtract that average
from the jets

Noise removal

Similar to jet-area-based | less flucts. but potential bias
requires a calorimeter/grid input

—p. 30



Noise removal from CMS subtraction

Subtracting (E™) + oiower Implies (roughly):
» Keeping “background cells” above the threshold
(6pFS°) = 0.0833 Tyower Nyower =~ 8 — 16 GeV
s Throwing away part of the jet (f =occupancy)
(6p3) =~ —f Otower Niower

Vacuum QCD: f ~ 0.1 i.e. cancels the one above
Consequences:

» Noise reduction: o™ ¢ S"Pr « 0 260 orv/Niower VS.

jet

Ojet = OtowerV Ntower

s potential bias, especially, f for guenched jets?
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But...

Q: Not all jets should be smeared!

A: Yes, they should! Smearing should be proportional
to /A;ec but we checked it has no influence
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But...

Q: Not all jets should be smeared!

A: Yes, they should! Smearing should be proportional
to /A;ec but we checked it has no influence

Q: Your toy calorimeter is too noisy and unlike ours!

A: Is It?

Note: extrapolation of tower
fluctuations measured by AT-
LAS gives oy ~ 8.5 GeV.
However, this, and the PbPb
jet resolution, are quoted at
EM scale i.e. not easily ex-
trapolated to the full answer

o(py/p;

0.14 r

0.12 r

0.1 r

0.08

0.06

0.04 r

0.02

Toy Calo with 0.8/VE resolution
~ Charged particles with p;<0.5 GeV discarded

Pythia 6.424 DW, pp, Vs =7 TeV

ATLAS jet resolution
Toy Calorimeter O

FastJet anti-k;, R=0.6, |y|<0.8

00
O
00Q
©]O)
0000
0000
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But...

Q: Not all jets should be smeared!

A: Yes, they should! Smearing should be proportional
to /A;ec but we checked it has no influence

Q: Your toy calorimeter is too noisy and unlike ours!
A Is it?

Q: Other measurements like the jet core fraction and
the R dependence of A; go in the opposite
direction as expected from fluctuations!

A: Sure. These likely indicate some genuine
guenching effects. But quantitative understanding

would benefit from characterising the fluctuations.
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Last but not least

Q: o5¢ 0f 20 GeV Is way too large and HYDJET has
too much fluctuations!

A: That is not what ALICE sees:

. ALICE: single track embedded in 0-10% LHC
s MC: single track embedded in 0-10% HYDJET
s reconstruct and subtract (jet-area based)

» look at Ap; = pi rec — Pitrack

# Same cuts and subtraction details
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Last but not least

Q: o5¢ 0f 20 GeV Is way too large and HYDJET has
too much fluctuations!

A: That is not what ALICE sees:

LICE _ N
Oleiohg) = 11.5 GeV ALICE ]

10t b HYDIET HYDJET (unquenched) |
B Ojet(chg) =11.4 GeV 1

PbPb, 0-10%, Vsyy = 2.76 TeV |

Single track embedded |
A0<Py 1rack<80 GeV, [y|<0.4
Charged tracks only 1
anti-k;, R=0.4

1/N dN/dAp, [GeV™]

-40 -20 0 20 40 60 80
AP; = Py rec ~ Pt track [GeV]

Nearly-perfect agreement!
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Last but not least

Q: o5¢ 0f 20 GeV Is way too large and HYDJET has
too much fluctuations!

A: That is not what ALICE sees:

LICE _ N
Oleiohg) = 11.5 GeV ALICE ]

10t b HYDIET HYDJET (unquenched) |
B Ojet(chg) =11.4 GeV 1

PbPb, 0-10%, Vsyy = 2.76 TeV |

Single track embedded |
A0<Py 1rack<80 GeV, [y|<0.4
Charged tracks only 1
anti-k;, R=0.4

1/N dN/dAp, [GeV™]

-40 -20 0 20 40 60 80
AP; = Py rec ~ Pt track [GeV]

track—jet, charged—all, calorimeter — o, ~ 17 GeV
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At the end of the day

» Fluctuations can significantly affect the

measured A ; = quantify fluctuations
Important to quantify quenching

s ALICE produced the first measurement of flucts
. agrees with flucts having significant impact
. first step towards understanding flucts
. Could a calorimetry upgrade help?
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