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Proton-Proton collision with hard scattered partons
» parton scattering with large Q?

« quarks / gluons achieve a high %

transverse momentum Jet
collimated spray of
» dueto confinement it results in a hadrons
spray of observable hadrons (with
high p;) Proton
e IWE ~
Underlying Event roten
hard scattered partons initial state radiation
wiot” multiple parton
/ J interactions
g/}' semi-hard interactions
/ beam-beam remnants
- g —> ' .

based on sketch by Alison Lister

q
//1 NB: for A+A multiple nucleon-nucleon collisions,
ot strong increase of underlying event
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Electro Magnetic Calorimeter (EMCal)

Time-of-Flight (TOF)

Transition Radiation Detector (TRD

T
el

S e

High Momentum Particle
Identification (HMPID)

list of detectors
not complete

Forward Muon Arm
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» central tracking detectors
—=» tracking acceptance |n| < 0.9, full azimuth
s p I . (d))_ Pb+Pb\ /s, = 2.76 TeV
* Charged partlcles =>» shift of reconstructed jet energy ! Central (0-5%)
« good momentum resolution from very low up to Peripheral (70-80%)
high py

PLB 696 (2011) 30

* event selection: minimum bias
* vertex cut: |Zyertex| < 8.0 cm

* track cuts (= uniform detection efficiency!)
— TPConly tracks
— minimum number of clusters: N..»> 70
— constrained to SPD vertex
— p;>150 MeV/c

 anti-k; clusterizer’
 R=0.4
— jet acceptance |n| < 0.5

[

g
>
]
e
a

k; algorithm for background estimation

*) Fast)et package: Phys. Lett. B641 (2006) [hep-ph/0512210]

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 5



1
-

WILHELMS-UNIVERSITAT Jet Finder AlgOI’Itth 1\\\\@
MUNSTER ALIC

EXPERIMENT

» jetfinderreconstruction algorithms:
link between spray of reconstructed hadrons and the original parton

two basic types of jet algorithms:

1. cone algorithm (e.g. HIJA based on UA1)
* requires a seed particle above p; threshold*
* fixed cone size* *) original, not in general
calculates jet axis and energy from tracks inside cone
» some iterations, while jet cone moves
o alternative: seed-less algorithm (e.g. SISCone)

2. sequential recombination clusterizer (e.g. Fast/et anti-k,)
* combines nearby particles with similar momentum to quasi-particles
* calculates ‘distance’ d; and d;g
* merges particles with smallest d;
« ifdgis smallest it defines quasi-particles as jet
» several iterations until termination condition has defined all quasi-particles as jets
« parameter D, similarto cone radius (R = D)

2

dij = min( =l 2p) il
1 <« convenient for background ij = PriPr,j) p2
_ ) : o
1 « convenient for jets dig = P

o kg
« anti-kq:

P
P
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allow to understand the
— detector response
— jetfinder characteristics

p+p Collisions

p+p collisions
give a ‘clean’ sample of jets (underlying event is small)

— other uncertainties and systematics

start with raw jet spectrum in p+p
track quality cuts applied, aimed for high-p;

correct spectrum by unfolding for
— smearingin py:

— shiftin py

— vyield of reconstructed jets:

characteristics of jet finder algorithm

— cone size
combination scheme

6t High-pT Workshop, Utrecht

—> after detailed studies

due to track momentum resolution
due to charged tracks only and tracking efficiency

fake jets / cosmics, tracking efficiency
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raw charged jet spectrum from p+p collisions at /s = 7 TeV

~ 33% of full statistics (2010)

# UA1Conealg.R=04 II

tracks

=

10°
107
10°
10°
104
10°
102
10
1

& Anti-k, R=04
T ALICE Performance

® k R=04 Uncorrected

® SISCONER=0.4 06/08/2010

>
@
o
—
-
o
o
e,
=
o

-
L=
-

* uncorrected jet spectrum, needs to be unfolded

» good agreement between different jet finders above 20 GeV/c
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Motiviation

use hard scattered partons as hard probes

— for high-p;tracks = R,,
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scattered partons interact with the Quark-Gluon Plasma (before fragmentation)

— jets: modification of jet structure = e.g. momentum distribution in jets

Challenge

* background subtraction

region-to-region fluctuations (mainly Poissonian)

Pb + Pb
Pb + Pb
= |
<=}
< V
peripheral 50-80%  <:==========>  central 0-10%

Bastian Bathen, Miinster

underlying event (increases with nb. of participants)

Jet as hard probe in the QGP

6t High-pT Workshop, Utrecht
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* p measures the momentum of the background in an area (in n-¢ plane): pr/A

« estimation of p: event-by-event with k; clusterizer,
p =

N
(=]
=]

p (GeV/unit area)

—

=]

=]
.-_|.I'|"|-

median(py/Aj,,), except two hardest jets

Centrality

LHC 2010 Pb+Pb Rum\fs, = 2.76 TeV

-
o
[#5 )

ALICE Performance
01/03/2011

p (GeV/unit area)

100
centrality (%)

]
=]
o

Jet with R=0.4
has an area of 0.5

Multiplicity

LHC 2010 Pb+Pb Runys,,, = 2.76 TeV

ALICE Performance
01/03/2011

FaF

ol
r
s _:*.tl"'
o track p;> 150 MeV/c

3000
input tracks

1000 2000

_ ..rec
Prjet = DPrjet — P X Ajet + o X

Ajet

Aje : jet area

o: background fluctuations

Bastian Bathen, Miinster

6t High-pT Workshop, Utrecht

April 512011 10



WILHELMS-UNIVERSITAT JEtS in Pb+Pb Collisions NG
MUNSTER ALIC

EXPERIMENT

\/
JIN

raw charged jet spectrum from Pb+Pb collisions @ 2.76 TeV
- in different centralities

~ 15% of full statistics (2010) FCEEEIETe I FBIEIES
 background subtracted
antik, R=04n| <04 N « ~15% of full statistics (2010)

*  (0-B0%
0-10%

&
* 1030% — track acceptance |n|<0.8

30-50% -
50-80% SIS — et acceptance |n] < 0.4
Uncorrected

02/15/2011

* not corrected for
— background fluctuations
— tracking efficiency and
resolution
— neutral energy fraction
— fake jets / cosmics

= will be unfolded

> tools for jet reconstruction incl. background subtraction in place
> detailed knowledge of background fluctuations essential
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Method:

« embed a known probe: single high-p; track or full p+p jet event (real or MC)
» into a Hl event (mainly soft background)

— aaTec probe
opT = PTjet — P X Ajet - pT,(iet)
Aje; : jet area
p = median(pr/Ajec)

p%(;?e : transverse momentum of embedded probe (e.g. jet or single track)

Aim:

« study the influence of the soft background on the reconstruction observables of the jet
- verify the performance of the background subtraction methods (p X Aj¢)

» study systematic shifts

» estimate the background fluctuations

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 12
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» compare reconstructed jets of
— embedded probe (e.g. jet) —> probe jet
— embedded probe + Hl event = rec. jet

* matching condition:
— start with probe jet with highest momentum
— look for (max.) 4 closest rec. jets to the probe jet

— (allow max. distance, e.g. 0.3)

ALIC

EXPERIMENT

\
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— calculate the fraction of momentum (based on tracks) which is found in the rec. jets from

the probe jet
— jets with largest fraction match, require at least 50%

— both jets need to be in jet acceptance (|n] < 0.4 for following studies)

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht
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ALICE Performance 02/04/2011 .
Pb+Pb 0-10% R = 0.4 (B2) centrality embedded tracks

# BiA random cones 0-10% :
" LHS Gaus fit: i = 016, = 9.82 » single tracks embedded

oBiA random cones (excl. 2 leading jets) - .
.-LHS Gaus fit: ;L = -1.87, o = 9.46 * randomized over full eta-phi

m anti-k, embedded tracks 50-250 GeV acceptance (|n|<0.4)

=LHS Gaus fit: p = 0.28, o = 10.50
« flat p; distribution (50 — 250 GeV/c)

» flat centrality distribution

\/

>
[
o
—
>
b
E
m
Qo
o
o

LHS Gaus fit

* iterative

» fitrange: [u — 30, u+ 0.50]

» start with [-999.,999.]

* terminate condition: shift of u<0.1,
max. 20 iterations

) P, (GeVic)

» mean around 0 = background subtraction works
» background fluctuation +o =~ 10 GeV/c

> full embedded jets show similar results

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 14
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ALICE Performance 02/04/2011

Pb+Pb 0-10% R = 0.4 (B2)

# BiA random cones

=LHS Gaus fit: p = -0.16, 0 = 9.82

oBiA random cones (excl. 2 leading jets)
- LHS Gaus fit: p = -1.87, 0 = 9.46

m anti-k; embedded tracks 50-250 GeV
=LHS Gaus fit: p = 0.28, o = 10.50

>
[
o
—
>
b
E
m
Qo
o
o

centrality
0-10%

) P, (GeVic)

» mean around 0 = background subtraction works

» background fluctuation +o =~ 10 GeV/c

> full embedded jets show similar results

wonmeonversrar Background Fluctuations (cont’d)

random cones
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» alternative method for background

studies

* place randomly cones with fixed

area

» exclude leading jets
—> tail on RHS suppressed

» different methods help to
understand tail on RHS

opT = p

rndm
T jet

—p X Ajet

Bastian Bathen, Miinster

6t High-pT Workshop, Utrecht
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Pb+Pb 0-10% R = 0.4 (B2) Pb+Pb 10-30% R = 0.4 (B2)

@ BiA random cones # BiA random cones

=LHS Gaus fit: p = -0.16, 0 = 9.82 =LHS Gaus fit:u = -0.41,0 = 7.32

oBiA random cones (excl. 2 leading jets) ©BiA random cones (excl. 2 leading jets)

--LHS Gaus fit: ;| = -1.87, 0 = 9.46 --LHS Gaus fit: ;1 = -1.89, 0 = 7.03 ° baCkgrOUI’]d ﬂuctuation

m anti-k; embedded tracks 50-250 GeV m anti-k; embedded tracks 50-250 GeV

—=LHS Gausﬁt:p=0.28,6=1n.50 —=LHS Gausfit:p=0.06,r_s= 8.01 decreases from Central tO
peripheral events

Probability/GeV

Pb+Pb 30-50% R = 0.4 (B2) Pb+Pb 50-80% R = 0.4 (B2)

# BiA random cones #BiA random cones

=LHS Gaus fit: p = -0.06, ¢ = 4.10 =LHS Gaus fit:u = 0.15, 0 = 1.62

o BiA random cones (excl. 2 leading jets) ©BiA random cones (excl. 2 leading jets)
- LHS Gaus fit: p = -0.83, ¢ = 3.94 +-LHS Gaus fit:pu = 0.02, o = 1.67

m anti-k; embedded tracks 50-250 GeV -

Probability/GeV

» background subtraction is

independent from background
(mean of the fit around 0)

5 p_ (GeVic) 8 p_(GeVic)

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 16
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influence of track-p; cuts on “measured” background
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ALICE Performance 02/04/2011
Pb+Pb 0-10% R =0.4 (B2)
m anti-k, emb. tracks 50-250 GeV, track P, > 0.15 GeVlic

=LHS Gaus fit: . = 0.28, ¢ = 10.50
m anti-k, emb. tracks 50-250 GeV, track P > 1.0 GeVic

=LHS Gaus fit: 1 = 0.16, 0 = 7.60
m anti-k, emb. tracks 50-250 GeV, track P, > 2.0 GeVic

=LHS Gaus fit: . = -0.93, 0 = 3.16

ALICE Physics Performance Report ||
J. Phys. G: Nucl. Part. Phys. 32, 1295 (2006)

¢

E(R ) [GeV]

el 1 GeV/c

Probability/GeV

e p,>2GeVic

background HIJING quenched forb <5 fm
) P (GeVic)

track pycut  average p
0.15 GeV/c 136 GeV/c
1.0 GeV/c 61 GeV/c

2.0GeV/c 13 GeV/c * methods work also with high-p; cut off

* reduction of soft background by track p; cut
also visible in background fluctuations

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 17
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influence of track-p; cuts on “measured” background

ALICE Physics Performance Report ||
J. Phys. G: Nucl. Part. Phys. 32, 1295 (2006)

HIJING (b < 5 fm, unquenched)
all
------- region-to-region

region-to-region
(uncorrelated)

e .

" 5068V]ccut

track p;ycut  average p
0.15 GeV/c 136 GeV/c
1.0 GeV/c 61 GeV/c
2.0 GeV/c 13 GeV/c

ALICE Performance 02/04/2011
Pb+Pb 0-10% R =0.4 (B2)
m anti-k, emb. tracks 50-250 GeV, track P, > 0.15 GeVlic

=LHS Gaus fit: . = 0.28, ¢ = 10.50
m anti-k, emb. tracks 50-250 GeV, track P > 1.0 GeVic

=LHS Gaus fit: 1 = 0.16, 0 = 7.60
m anti-k, emb. tracks 50-250 GeV, track P, > 2.0 GeVic

=LHS Gaus fit: . = -0.93, 0 = 3.16

Probability/GeV

) P (GeVic)

* reduction of soft background by track p; cut
also visible in background fluctuations

« methods work also with high-p; cut off

Bastian Bathen, Miinster

6t High-pT Workshop, Utrecht April 5t 2011 18
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Conclusion

» tools forjet reconstruction incl. background subtraction in place

* underlying event in Pb+Pb is large (50 - 100 GeV/c fortyp. jet area in centrality 0-10%)

» use fast embedding and random cones for background studies

* background subtraction works independent from amount of background

» background fluctuations about 10 GeV/c (0-10% most central events, lowest p; cut)

Outlook
 embed quenched jets
background fluctuation as function of multiplicity (fluctuation)

final parameterization of

— fluctuations and
— tailon RHS —> unfolding and physics statement

important for all jet studies to understand the background fluctuations
jet reconstruction tools basis for lots of impressive studies (e.g. momentum distribution in jets)

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 19
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Thank you for your attention!

... and many thanks to the ALICE jet group

Thanks to

specified “background” people:
Jochen Klein

Christian Klein-Bésing

Leticia Cunqueiro Mendez

Marta Verweij
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« estimate centrality of collision with VO detector
« VO detector:

— two arrays of 32 scintillator tiles
— 2.8¢|n|<5.1,-3.7<n|<-1.7

+ Data

— Glauber fit

peripheral 50-80%  <:==========>  central 0-10%

WILHELMS-UNIVERSITAT CO“iSion Centra“t\/
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PRL 106, 032301 (2011)
arXiv:1012.1657v?2

TABLE L. dNy,/dn and (dN.,/dn)/((Npy)/2) values mea-
sured in [n| < 0.5 for nine centrality classes. The (N,,) ob-
tained with the Glauber model are given.

dNg,/dn (Npur[> (chh/dn)/«Npurl)/z)

) 1601 =60 382.8 = 3.1 8.4 =03
%o 1294 = 49  329.7 = 4.6 79 £0.3

10%-20% 966 =37  260.5 = 4.4 7.4 =03
20%-30% 649 =23  186.4 = 3.9 7.0 =03
426 =15 1289 =33 6.6 0.3

85.0 = 2.6 6.1 =0.3

328 £ 2 5.7*=03

30,0 1.3 5103

70%—80% 35+ 15.8 = 0.6 4.4+ 0.4

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 22
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Pb+Pb @ 2.76 TeV
jetl 51.5 GeV/c
jet2 50.0 GeV/c
jeteventin p+p @ 7 TeV after background subtraction

Bastian Bathen, Miinster 6t High-pT Workshop, Utrecht April 5t 2011 23
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ALICE Physics Performance Report Il
J. Phys. G: Nucl. Part. Phys. 32, 1295 (2006)

AE,, [GeV]

HIJING (b < 5 fm, unquenched)

all

------- region-to-region
Rl T 1 GeVl/c - r@gion-to-region

(uncorrelated)

e p,>2 GeVic

o
[=]

05 06 07 08

Y
L5

HIJING (b < 5 fm, quenched)

Y
(=

L]
L34

Figure 6.371. Charged jet energy within a cone of radius R, (full lines) compared to the energy of
the underlying event for different transverse momentum thresholds (dashed lines). The background
energy has been calculated using HIJING quenched with b < 5 fm.

no p, cut
------- region-to-region

]
Q

e r@QiON-to-region
(uncorrelated)

N N
(=2

o
'|_|_|_|'|_|_|'II'II|I1II|I"III[IIII|'IIII|IIII|IIII|IIII

—h
o

| pt.>12 GeV/c
0.2 0.3 0 ~ 05 06 ;?.7

Figure 6.373. Different contributions to the background fluctuations as a function of the cone
size R for the 10% most central Pb=Pb collisions simulated with HIJING unguenched (upper)
and quenched (lower).
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