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Hard jets and background

Hard |ets | Hard jets + backg-round
(pp collisions) (AA collisions)

» To what extent can we ‘reconstruct’ the hard jets!?

» How are specific observables affected by limitations
in the reconstruction!?

Matteo Cacciari - LPTHE HPHD - May 30, 201 | 2



Hard jets and background

How are the hard jets
modified by the background?

atteo Cacciari - LPTHE HPHD - May 30, 201 | ®»



Susceptibility

The larger a jet is, the more it is contaminated by background radiation

If a jet algorithm does not return jets with a fixed area,
this needs to be calculated on a jet-by-jet basis
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Susceptibility: jet area
MC, Salam, Soyez, arXiv:0802.1 188
Operational definition of active jet area:

Add many ghost-particles of infinitesimally small momentum
to the hard event.
Cluster them together with the real particles,
and count how many on average get clustered within a given jet.

v
Numbienrj:: Jghosts
N(J) A(J) = lim (A(J|{gi})),
AU (i) == » -
L Vg \ Active area

Matteo Cacciari - LPTHE HPHD - May 30,201 | 5l



A jet is not (always) a cone

The typical area of a jet around a jet is not necessarily TTR?

|-particle areas & SISCone anti-ke
<A>/TTR?
Area distribution 10
) " Pythia64 |
i anti-k Prmin=1 TeV" | Only anti-k: has the
2 hardest jets . .
<2, R=t | B behaviour one would
_ 16 .
° s naively expect
- SISCone hadron-level + pileup {4 5
active area g
""" 2 (Note also the small fluctuations of the
_ anti-k. area. Actually irrelevant, though, if
0 measured jet-by-jet)

area/(nRz)
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Back-reaction

“How (much) a jet changes when immersed in a background”

Without
background
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Back-reaction

“How (much) a jet changes when immersed in a background”

Without
background
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Back-reaction

“How (much) a jet changes when immersed in a background”

Without With
background background
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Back-reaction

“How (much) a jet changes when immersed in a background”

Without With
background background

Back-reaction loss
Back-reaction gain
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Back-reaction

MC, Salam, Soyez, arXiv:0802.1 188

--------- s1SCone (=075) ~ Pythia 6.4
o (kDam/Aachen LHC (high lumi) |
atnti-kt - 2 hardest jets |
:__Ji - pt,]et> 1 TeV )
R1 F_lf' lyl<2
__I:'
:""I )
_r .
_ e “
5 SINE Tl
i —r J__" I Sl
[ r~ - ' EE
e e
20 -15 -10 -5 0 5 10 15

PT gain

Anti-k; jets are much more resilient to changes

from background immersion
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The IRC safe jet algorithms
SR

: Catani et al ‘91
ke dj = min(ke? k) ARZ/R? CiC Doy | NInN

hierarchical in rel P

: SR
Camb”dge/ d- = AR:2/R2 Dokshitzer et al ‘97 NInN
/. 1] . 1
AaChen hierarchical in angle Wengler, Wobish 98

SR
anti-l¢  |di = min(ki?kq?)AR;

gives perfectly conical hard jets

7102 MC, Salam, Soyez 08 32
/R (Delsart, Loch) N

Seedless iterative cone
SISCone with split-merge Salam, Soyez‘07  |N2InN

gives ‘economical’ jets

¢ WVe call these algs ‘second-generation’ ones )

All are available in Fast]et, http://fastjet.fr

(As well as many IRC unsafe ones)
Matteo Cacciari - LPTHE HPHD - May 30, 201 | B8


http://fastjet.fr
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Cambridge/Aachen with filtering

Butterworth, Davison, Rubin, Salam, arXiv:0802.2470

An example of a third-generation jet algorithm

Cluster with C/A and a given R
U

ndo the clustering of each jet down to subjets with radius XsiitR

FEC TEC TEC

Retain only the nsiic hardest subjets

|dea: filter out soft background, retain hard core
(for this work we’ll be using xsit = 0.5, nfiic = 2)

Matteo Cacciari - LPTHE HPHD - May 30,201 | 20



The IRC safe algorithms

Speed |Regularity| UE

ré ©© 0
Cambridge
/Aachen 0O0

anti-ky |©©©

SISCone | ©
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Hard jets and background

MC, Salam, arXiv:0707.1378
MC, Salam, Soyez, arXiv:0802.1 188

Modifications of the hard jet

pt,jet _ pt,]et _I_ IOAjet o \/Ajet

hard jet  background back-reaction

‘susceptibility’ ‘resiliency’

atteo Cacciari - LPTHE HPHD - May 30, 201 | 12



Jet reconstruction quality

Reconstruct the MC, Salam, arXiv:0707.1378
momentum the hard

jet would have without _

the bac kg rou nd: (subtracts background,

fluctuations and back-reaction remain)

Matteo Cacciari - LPTHE HPHD - May 30, 201 | 13



Jet reconstruction quality

Reconstruct the MC, Salam, arXiv:0707.1378
momentum the hard

jet would have without -

th e bac kg ro u n d: (subtracts background,

fluctuations and back-reaction remain)

‘probe’

Quality measures

Small offset and dispersion will indicate a good reconstruction

Matteo Cacciari - LPTHE HPHD - May 30, 201 | 13



Background determination

In order to subtract the background, one must first determine it

Proposal in 2007 paper (MC, Salam, arXiv:0707.1378)

jets (not particles)

L
® N
e either, choose a region in rapidity-azimuth / ©°
. . G e}
plane where the background is uniform 0 e, ° o
. .
calculate p (p: per unit area) as , °
® o O o
- -
jet
. Pt Y
P = median | < 0 -
Area jet 400 | LHC, Pb Pb ° ko, R=0.4 |
L\ ya Vs =5.5TeV

* or, account for rapidity dependence of
background by fitting a quadratic function

Hydijet, dN/dy = 1600

to Pt,]et/Areajet distribution / o L with2hardjets, p; ~100GeV ‘
-4 -2 0 2 4
Yi

This way to account for
rapidity dependence of background —

turns out to be insufficiently accurate
Matteo Cacciari - LPTHE HPHD - May 30, 201 | 14
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Background determination: the ranges

Global Strip(A) Circular(A) Doughnut(§,A)
2T I : 27
0 0
~Ymax Ymax Yjet — A Yjet +A

Choose a range such that you expect the background to be
uniform within it, place it where you need it.
Use median operation within each local range of interest

A range should be not too large (to avoid non-uniformity of background) nor too
small (to have sufficient statistics for the median operation).

We find Arearange = 25R? to be a reasonable lower limit

Matteo Cacciari - LPTHE HPHD - May 30, 201 | 36



Background determination: the median

MC, Salam, arXiv:0707.1378

I D jet
: t
0 = median
jet € range Argaje ;

*Should be used only with algorithms like k; or Cambridge/Aachen (but the
subtraction can then be performed on jets of any algorithm)

*Works on an event-by-event basis (this removes many fluctuations)

*One can also explicitly remove the hard(est) jet(s) before taking the median,
to reduce a potential bias from the hard jets in the event

Matteo Cacciari - LPTHE HPHD - May 30, 201 | 32



The background

o)
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How does the background affect the
jet reconstruction?

How do the different algorithms fare!?

MC, Rojo, Salam, Soyez, 1010.1759



Reconstruction efficiency

A jet reconstructed in the full event is considered
matched to a hard jet if the constituents common to both the

hard and the full jet make up at least 50% of the transverse
momentum of the constituents of the hard jet

| | | | | | | ! | L | | ! !
RHIC, unquenched lyl<1, R=0.4 LHC, unquenched lyl<2.4, R=0.4
1 ———— = 1 —e—eo——o—on——n-—n——n-n
s g G v S— —_——t : —— e~ ——
%) | e T > ——— —|—++
g) 0.98 :=_|_ - § 0.995 I R |
% 0.96 F*— ' - % ——
8’ 2 099 | -
= — = '
i 0.94 - 2
© ©
0.92 | ?/kA —_—— 0.985 - ?/ﬁ\ —_—— |
100 ant-K; —e— - 100 ant-K; —e—
0-10% central C/Ailt) 0-10% central C/A(filt)
09 | | | | | | 098 1 | 1 1 1 | | 1 1
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pt,hard [GeV] pt,hard [GeV]
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Ap: distributions in PbPb at LHC
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<APt>

anti-k. and C/A(filt) fare best Yellow band:

| % accuracy

4 | | | | | | | ' | L |
3 L RHIC, 0-10% central Ky —+— | LHC, 0-10% central Ky
C/A —»— 6 I C/A -
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— 1 [ S— — —
> ~ >
§ o —_———— T e 18 0
S - T ey % | & 3
< LL, \ <

3 —_—— . \

-4 I Doughnut(R,3R) range \ n Doughnut(R,3R) range

_5 ] ] ] ] ] ] ] 1 ] 1 1 1 ] 1 1

10 15 20 25 30 35 40 50 60 100 200 500
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The residual offset of k; and C/A can be
interpreted as an effect of the back-reaction
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Back-reaction contribution to <Ap¢>

<Ap:>

4 | | | |
3 | RHIC, 0-10% central kg ——
C/IA —¢—
5 L lyl<1, R=0.4, unquenched anti-k; —e— |
C/A(filt) ——
— 1 S —
> _._#_._**__.:i
RHIC § o :
g -1 poe— » » » » s
> —_— ¢ (e (a3 ¢ %<
~ _2 | _
3+ —_— _
¥ —_—— } L } S
-4 - Doughnut(R,3R) range n
-5 | | | | | | |
10 15 20 25 30 35 40 45 50
Pthard [GeV]
9 — T T T T T
LHC, 0-10% central Ky —+—
6 C/IA —»— |
lyl<2.4, R=0.4, unquenched anti-k, —e—
3 | C/A(filt) —— |
LHC 3
(0]
S,
oy
2
9 | = e -
Doughnut(R,3R) range —
-12 L | MR | L L
40 60 100 200 500

pt,hard [GeV]

Back-reaction [GeV]

Back-reaction [GeV]

o == N W b

1 1 1 1 1
a »~h 0O N =

-12

| | | | | | |
| RHIC, 0-10% central kg —+— |
C/A ——
| lyl<1, R=0.4, unquenched anti-k;, —e— _
C/A(filt) ——
| | | | | | |
10 15 20 25 30 35 40 45 50
Pt hard [GeV]
— T T ] T T T
LHC, 0-10% central Ky —+—
n C/IA —— |
lyl<2.4, R=0.4, unquenched anti-k, —e—
| C/A(filt) —=— |
—_—
i —i——i——{—_’__*__*__’_\_’_
L I L I I L L
40 60 100 200 500

Ptnarg [GEV]

Back-reaction explains the residual offset, with the exception of C/A(filt)
(accidental compensation of back-reaction and positive offset)
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Dispersion of Ap:= Oapt

8 | | | | | | | 35 ! | L
. —+— k; e
— —_—" — 30  —— C/A -
—— — T —— o anti-kt +—|— el
r T o5 | —— CIA(ilt ]
—_— -
O g anti-k;, —e— 4 O, o=
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o C/A(filt) markedly better, as a consequence of its smaller effective area

* Dispersions increase at large p¢, probably as a consequence of a larger
dispersion of back-reaction

* anti-k: remains fairly constant (‘resiliency’), and eventually becomes
better at large p¢
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Summary

_ Jet area/median method for background determination and

subtraction validated in

simulated collisions at RHIC and LHC:;

high efficiency, small or almost zero <Ap.> offset
(though each different jet algorithm has characteristics which
affect the subtraction in specific ways (e.g. back-reaction))

_ lIrreducible dispersions are left,and may of course play an
important role in measurements like the inclusive cross section

(fakes rate). Their size a

so depends on the algorithm used.

~ anti-k¢ turns out to

nave the safest smallest offset, filtering

algorithms have the smallest dispersion (but may be more

affected by quenching)
What do

we do with this tool? J

Matteo Cacciari - LPTHE
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J

S . Centrality 0-10% §  Centrality 10-20%
P ATLAS Preliminary
2 35EPb+Pb \[s,, = 2.76 Te Er,>100 GeV
2530 L =7ub E;,>25GeV
Sos int = 1 K R=04

2

~ Centrality 20-30%

CJHIWING+PYTHIA

® Pb+Pb Data
O p+p Data

|

L = —
Centrality 40-60%

5 0.2

Evidence of more S |
. (1

asymmetry than in pp | — £
w

in bins with most central
collisions: quenching!?

Matteo Cacciari - LPTHE

The LHC dijet asymmetry

Er1 — Ero

 Epi + Ero

50-100%

CMS

PbPb @ 2.76 TeV '}

* PF Data

© Calo Data
— PF MC
— CaloMC

30-50%

()

HPHD - May 30,201 |




High pt event

QUENCHED JET
THAT HAS LOST ENERGY

G. Salam

Matteo Cacciari - LPTHE

Quenching v. fluctuations

Moderate pt event

upwards
noise
fluctuation

/

noise

NO QUENCHING,
NOISE-INDUCED
ASYMMETRY

HPHD - May 30,201 |
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MC, Salam, Soyez, 1 101.2878

Add a gaussian
smearing to PYTHIA
PP jets:
simulates residual
fluctuations after
subtraction

1/N dN/dA,

1/N dN/dA

5
4
3t
2
1
0

Orlgm of asymmetry!?
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1
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—— 7 10 T
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OQ ° ..8
o8 107 [eeee®® 50
°®
e0®® O o°
00 -2 00
o 10 o
2 2.5 3 2 2.5 3
Ad Ad

Asymmetry is similar to the one observed by ATLAS and CMS,
but no quenching whatsoever is present here

Obviously, the value of Oy is critical

Matteo Cacciari - LPTHE
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MC, Salam, Soyez, |101.2878 HYDJ ET S | mu IatiO N

Instead of gaussian smearing, full simulation of PbPb events + background
subtraction (area/median) + simple calorimeter simulation
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40-75% 20-40% 10-20% 0-10%
. 4E_9 14 4 F° 4 f°
g 3 i~ : 3 oo 3 F O 3E©
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o F U ] ® ] F ® F s®
5 [ o ’ QQQ i1 eee i [ o*d
© 1L | -1 L
= 10 86 10 ® 10 ..8 10 ?.00’. oo
- i o0 e SPY »{C) i
i O .O ro® OO I OO
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f® O v v A R RPN A T T
2 2.5 3 2 2.5 3 2 2.5 3 2 2.5 3
A A A Ao

Same conclusions:
Asymmetry is similar to the one observed by ATLAS and CMS,
but no quenching whatsoever is present here

v
Note that HYDJET for 0-10% gives Ojet = 17 GeV, but the effects on the
asymmetry can be as large as the Gaussian 20 GeV because of non-gaussianities
Matteo Cacciari - LPTHE HPHD - May 30,201 | 28




O-j et

Ojec parametrises the uncertainty left in the knowledge of the p. of a
jet after the background has been subtracted

Its value encompasses both the physical characteristics of the
HI background and the procedure used to subtract it

It tells you - quantitatively - how well you are doing

Oje: should probably be the one of the

first things one looks at, before any physics analysis
is attempted with the reconstructed jets

Matteo Cacciari - LPTHE HPHD - May 30,201 | 29



Oi.c from STAR and ALICE

Distribution of Apt = pA- bkgd - pP

LHC2010 Pb-Pb 0-10% R=0.4 (B2)
C.Klein-Boesing, QM201 |

: L) ] T T T T I T T T T I T T T T
~ ® rand. cones e LHS fit: u = 0.26,0 = 10.17
10 k¢ track: 60-100 Gev ~ —— LHS fit: ;i = 0.08,0 = 10.4
H. Caines, QM201 | = W jet: 60-100 GeV —— LHS fit: u = 0.18, 0 = 10.67

310L.STAR Prellmlnary Background 3 o

g P? central (0-1 0%’) 10 E- ALICE preliminary
3 [ Areau >0.4 3

& |

N
o
&

cssensensseastaeancsonscnscansancecfscnccacscnssonsonssafscncennsanceanccncs cessessenssadecnscancanssansancands

10°

Probe A -b
— Smgle Partlcle p -30 0GeV/c -

probability density (c/GeV)

..l...l..l-i.l.llli..........

10

) PYTHIA p""‘" > 30.0 GeV/c (30 ]ets)

L
: | . QPYTHIA p"“"zaooeew:: (30 jets)
10-5i‘111 l‘lLilllii'l' l ljl!lrli.lllji 10-7
-30 -20 -10 0 10 20 30 40
op_ = pS' - pxA® - pE™ (GeVic) -50 0 50 100

3p" (GeVic)
Ojec = 6-7 GeV Oiec = | | GeV (charged only)
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HYDJET v.ALICE charged tracks jets

MC, Salam, Soyez, 1 101.287

ALICE
Ojet(chg) =11.5 GeV ALICE —®&— 4
10" E HYDJET HYDJET (unquenched) ——
B Gjet(chg) = 114 GeV :
PbPb, 0-10%, Vs = 2.76 TeV o
- Single track ombedded Striking agreement, and
> 10° | -
8 40<P; 1r4ck<80 GeV, lyl<0.4 ] O-]et(chg) ~ I |.5 GeV
:*: Charged tracks only
3 anti-k, R=0.4
Z 10 -
z - Translates to a full
Ojet = |7 GeV
107 [ T 4
108 | | |

-40 -20 0 20 40 60 80
Apy = Ptrec ~ Pt track [GeV]

These are real data.
It seems that HYDJET does a good job in describing
the PbPb background characteristics

(as a side note, HYDJET was not even tuned to LHC data)
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0-10%
HYDJET+PYTHIA

unquenched

0O 02 04 06 08 1
Ay

If this is a legitimate
effect of fluctuations
without quenching...

Matteo Cacciari - LPTHE

...50....

S 4 Centrality 0-10% 1 [T T T

> ATLAS Preliminary § | 4

233-5 Pb+Pb \[s\ =2.76 TeV] +! | CMS.

s 3RO 1t ' ]
A 'y

...what is the contribution of
quenching to these

HPHD - May 30,201 |
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Conclusions

Effect of residual fluctuations of a non-noise reduction

subtraction seems capable of inducing an asymmetry which
mimics the one observed by ATLAS and CMS

Does this mean that there is no quenching? No

However, it likely means that in order to make
quantitative statements about quenching one needs
to have better control of background subtraction effects
(residual fluctuations and/or biases)
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Caveats

While jet clustering is a deterministic procedure (though one must still
choose a jet definition), background subtraction is less well-determined

A number of not fully clear-cut choices must be made:

@  Where to estimate the background (i.e. which range)

m How to estimate it (for instance, subtract hard jets?)

m  Which jet algorithm to use (privilege small bias or small dispersion?)

4 )
Making the “proper” choice is as much a matter of

art (i.e. experience) as of science,
and depends on what you want to do

Having many algorithms and techniques at one’s disposal
will allow better tuning of procedure with aim
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Ranges
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Intrinsic ambiguity mostly of order |-2 GeV on Apt

The local ranges perform similarly, the exclusion of hardest jets helps a little,
the global range also performs fairly well here thanks to the limited rapidity coverage
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Toy calorimeter

Comparison of the resolution from a toy calorimeter and
from the full ATLAS simulation
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Toy calorimeter slightly better = no enhancement of fluctuations
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Another subtraction technique

Iterative Cone Subtraction (used by CMs)
O. Kodolova et al. EPJC 50 (2007) |17

2) Run IC5 jet finder on subtracted towers

This algorithm
contains hoise
O O reduction:

n  only towers with

a positive p; after
4) Re-run IC5 jet finder on subtracted towers subtractin g

average
background + G
are retained

Eur. Phys. J. C 50 (2007) 117-123 n
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Iterative Cone Subtraction bias

Smaller fluctuations: MC, Salam, Soyez, | 101.2878
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at the price of a potential bias on the jet p«:

<5P?§Z:au> = <5p?§éie> + <5p2?;1?> = (00833 T f)NtowerUtower

f =0.1 is the occupancy of a hard perturbative jet = large cancellation

However, what happens to f in the case of quenching!?
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