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Plan

s Introduction:
elementary concepts everyone knows

s Challenge #1: LHC v. pQCD
s Inclusive-jet and dijet cross-sections
s Cross-section ratios

s Challenge #2: pile-up (and UE in PbPb collisions)
. Background effects on jet reconstruction
. Latest prescription for pile-up subtraction
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What

are the jets at the LHC?

All LHC experiments use the anti-k; algorithm

[M.Cacciari,G.Salam,GS, 0802.1189]

» Works by successively recombining the particles
that minimise the distance

dij = min(ky;?, k) [Ayi; + Al dip = k;° R

te

Min is d;;: cluster i, j — k; minis d;p: call i a jet

s FU
s AT

ly defined only when R is specified!
_AS and CMS do not use the same jets:

AT

LAS R=0.4,0.6, CMS R =0.5,0.7

o Main characteristic: resilient to soft radiation

o

o

Easier experimental calibration
Some easier pQCD computations (e.g. resum)
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Challenge #1: LHC v. pQCD

Things to focus on:

- stability of the NLO QCD prediction (scale, PDF, ...)
- iImportance of non-perturbative effects
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Who does what? (roughly)

Both experiments have similar y and p; coverage
They both measure inclusive and dijet cross-sections

Theory ATLAS CMS
Jets R=0.4, 0.6 R=0.5 or 0.7
PDFs CT10 CT10
MSTW2008 MSTW2008
NNPDF2.1 NNPDF2.0
HERAPDF1.5 (PDH4LHC)
MCs NLOJet++ NLOJet++
POWHEG(NLO)
POWHEG+PS
scale {1 = Pt hardest [ = Dt jet
N-pert. | Py6(AUET2B) Py6(D6T,Z2)




Data/Theory

Dijets at CMS

: . —— : :
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[ o C anti-k . R = 0.7

e Data/Theory
Exp. Uncertainty
—— PDF U ag Uncertainty

a
1

- = = Scale Uncertainty
----- Non. Pert. Uncertainty

2
M, (Tev)

s forward: important scale uncertainty

» small scale (M ;;): non-pert. corrections dominate
Room for tune improvement

s large scale: PDF uncertainty dominate
Room for PDF improvement

s Agreement but theory systematically above data
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Inclusive jets at CMS

CMS L=34pb”

1.6F ---- CT10 o _ \/527 TeV, anti'kt(R:O-5)
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s NP dominates at low p;
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Inclusive jets at ATLAS

Ratio wrt CT10
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Ratio wrt NLOJET++

Inclusive jets at ATLAS

' _ j L dt=37 pb’
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Ratio wrt NLOJET++ Ratio wrt NLOJET++ Ratio wrt NLOJET++

Ratio wrt NLOJET++

Dijets at ATLAS
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3-jet to 2-jet ratio (CMS)

Pt jet,min — 50 GeV, Hp = Zpt,jet

MC/Data

Combined Statistical and Systematic Uncertainty

1.2 1

1.5 I T T T T T T T T I ]
— PYTHIAG tune Z2 —

14 cMS ... PYTHIAG tune D6T —]
T s=7 TeV — = PYTHIAS8 tune 2C ]

T L =36 pb'l w1 === MADGRAPH + PYTHIAG tune D6T ]
1.3k .lnt B ALPGEN + PYTHIAG6 tune D6T —]
anti-K  .R=05 ooiaaa HERWIG++ tune 2.3 ]

----------

.
11_ . h - - O
’
.
4 [
‘s U Y
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0.9

0.8 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l

Matching uncertainty?
Proper tune for ME+PS?

Alpgen
V.
Madgraph?
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Cross-section ratio at different radii

Another potentially interesting ratio to look at is

do/dpi (R = Ry)
Rpe; R, Ro) =
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Cross-section ratio at different radii

Another potentially interesting ratio to look at is

do/dpi (R = Ry)
Rpe; R, Ro) =

Naive perturbative computation:

™ — azoro + asonto(R1) 1 Aonto(R1, R2)

a?oro + adonro(Re) onLO (R2)

S
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Cross-section ratio at different radii

Another potentially interesting ratio to look at is

do/dpi (R = Ry)
Rpe; R, Ro) =

Better perturbative computation:

2 _2—2 31 .2—3 2—2
U(pt;R) — O‘satr?e +a5[0tr€(>e (R) +01jloop]

4 4 2—3 2—2 5!
+ Qg [Utzr?e (R) + O-lleOp(R) + O-Qj)loop] +0 (@s)

The unknown 2-loop contribution cancels in the ratio:

2—2
Utree

2—4 2—3 2—3
AO-tree + AO-l—loop 2 ONLO (RQ)AO-tree
+ Qg 259 — & 2—212
O-tree [Utree ] —p.12




Cross-section ratio at different radii

Another potentially interesting ratio to look at is

do/dpi (R = Ry)
Rpe; R, Ro) =

Hadronisation effects can be estimated analytically
[see Mrinal’s talk]

Note: We use (dp¢)y.qr = — 1/ R.

This neglects the (unconstrained) smearing i.e. slightly overestimates the effect.
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R(p;0.4,0.6)

rel uncert

Predictions...
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» Reduced experimental uncertainty?

s Constraints on non-pert. corrections? on PDFs?
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Pileup and noisy backgrounds

- The LHC will operate routinely with ~ 30 PU events
what are the implications?

- valid also for UE in PbPb collisions
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Basic considerations

Pileup mostly*) characterised by 3 numbers:
s p. the average activity (per unit area)
s o the intra-event fluctuations (per unit area)
» o,. the event-to-event fluctuations of p

(*) for qualitative discussions (e.qg. full fluctuation spectrum needed for proper unfolding)

For a jet (of area A) that means:

Dt %pt—l—pA:I:JPA:I:O\/Z
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p and o illustration

n=9.6 MeV,v=1250 --- p=12 GeV, 0=0.48 GeV I

p =12 GeV, 0 = 0.48 GeV

p=12GeV, o0 =3 GeV
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lllustration of the consequences

0.07

k, (R=0.6) ——
M., =300 GeV SISCone (R=0.6) ——
0.06 : no pileup - --- .
‘ with pileup jet 1
o~ 0.05 [
>
& 004
N . ,' 1 \ \ /
-g ! l' “ ‘\ Z
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© ‘7, \ \
Z 'll' ‘\ ‘\ >\
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001 pownzzzzsfl . et 2
BT e j
260 280 300 320 340

reconstructed Z’ mass (GeV)

» Shift due to the “pA” term
» Smearing due to the “0,A” and “ov A" terms
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Back reaction

No background With background

e . v '-.':'. "

P le, . /" : 7.0
o loss ;':'-:';;E- .:\-'f'ﬁ> gain

Negligible for anti-£;
(a nice consequence of its soft resilience)
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Jet-area-based subtraction

[M.Cacciari, G.P. Salam, GS]

(sub)

pt,jet — Ptjet — /OestAjet

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

® puie, the background p, density per unit area

35

s Cluster with £, of C/A with “radius” R, median
OR split into grid cells (Rcen ~ 0.55) 397 °
o
s Estimate ppy, USINg ) 25
§ 20
<
?_ 15 |
o
: Pt j 10 |
pbkg — medlan {A—} v e . o :
JEpatches ] s| - - . e - 3
N




Jet-area-based subtraction

[M.Cacciari, G.P. Salam, GS]

(sub)
pt,jet — Ptjet — pestAjet

s Jet area A per jet
» Bkg density p: (typically) per event

Consequences:
» corrects for the pA shift
» gets rid of the 0,A smearing

» left with the fluctuations ov/ A



Rapidity dependence

local range R rapidity rescaling

. : Pt g’
p(7) = median
7€RG) | Ay

: : Pt g’
p(7) = f(y;)median
( ) ( .7) all j/ A]’f(y]’)

27
1 T T T T T T . T
Vs=7 TeV, Pythia 8150, tune 4C mmbl«'ﬁ —
i
0.8 |~ "Seen": 22 charged tracks, p;>100 Meyv, |y|<2.5 —
>
0 8
“Ymax Ymax 3
Q
27
0.2 - 2 4 -
p(y)=(1.051141-0.023608y*+0.000022y") f.oe, GEV
Fraction of seen events: fy,,,=0.697114
0 | | | | | | | | |
S5 4 3 -2 -1 0 1 2 3 4 5
y
0 f from minbias
Yiet — A Yjet +A

could use grid cells instead of jets



Subtraction benchmarks

LHC, anti-k;(R = 0.5) jets embedded into (20) PU events

e = S
o N M

OAp,(y)GeV]

average shift

| | | | | | |
— Vs=7 TeV, Pythia8(4C), 200PU unsubtr ——

anti-k, R=0.5, dijets p;>100 GeV g'gtt;ﬁ‘o' R
[ bkgd: k, R=0.4 y-resc. —e— |

» local range & y-rescaling OK

» 100-200 MeV average precision

» y-resc. slightly better than

local range for busy events

oApt[GeV]
O P N W M 01 O N 0O ©

dispersion
T — T T | ! ' | ' o
~ Vs=7 TeV unsub. —— 7]
| Pythia8(4C), 200PU nPuUseen T -
| anti-k; R=0.5, p>100 GeV ggtr% —
bkgd: k; R=0.4 y-resc. ——
1 1 ' | I L L ! L :
50 100 200 500 1000
p; [GeV]

» resolution improved

» better than using p « npy

+ handles out-of-time PU

» residual /p: from back-reaction

—p.21



Conclusions

s Jet data v. QCD predictions: good agreement but
s theory systematically above the data
» rather large tune dependence (small p;)
s NLOJet++ v. POWHEG(NLO) for dijets
s Alpgen+PS v. Madgraph+PS: matching? tune?

Better understanding these would certainly help!
Other observables (e.g. ratios) for more constraints

s Pile-up subtraction: our recommended strategy

. Jet-area based subtraction
. p from y-rescaled median over grid cells
s using a local range Is a nice alternative

Advantages: no shift, no event-to-event smearing
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Ad: FastJet v3

[M.Cacciari,G.Salam,GS, 1111.6097, www.tastjet.fr]

FastJet v3 (Oct 2011) meets modern requirements:

#» Addition of FastJet tools:

s Jet substructure/post-processing common framework
Transforner transforner;
PseudoJdet transfornedjet=transforner(jet);
Ex: Filter,Pruner, MassDropTagger, JHTopTagger

s New background estimation and subtraction interface:
Jet Medi anBackgr oundEst i nat or
G i dMedi anBackgr oundEst i mat or
#» New functionalities:
» PseudoJet aware of its structure e.g. j et . consti t uent s()
s associate arbitrary user information with a PseudoJet

s Selectors for applying cuts: e.g.
Sel ect or NHar dest (2) * Sel ect or AbsRapMax(5)
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