Jets and E-™s at the LHC

Role of Jetsin LHC Physics
o Jet multiplicity and E; distribution:
QCD, SUSsY...
» Reconstruction of resonances:
WRjj,t®bW,Z®bb,Z ®|j...
o Central jet veto & forward jet tagging

Role of E;™sin LHC Physics
e Missing E; = impo_rtant signal for new physics
* Used ininvariant mass recontruction in decays
Involving neutrinos. A/H ® tt...

o Jetsand E;™s will be used in offline analysis but
also in the trigger

« Experimental conditionswill change:
low luminosity U high luminosity
« Emphasiswill be sometime on controlling energy

scale, efficiency for reconstructing low p; jets, or
good two-jet separation in boosted decays, ...
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Jets and E-™s at the LHC

Outline

e ATLASand CMS calorimetry

» Jet: reconstruction, algorithms, reconstruction of
resonances, trigger

e t jet reconstruction, trigger
« E/missreconstruction and trigger
e Forward jet tagging, low p; jet veto

Presentation on behalf of ATLAS & CMS collaborations
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Jets and E-™s at the LHC
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ATLAS and CMS calorimetry

Requirements on Calorimetry

e Good h coverage: up to about |h|=5
for Eymiss resolution, forward jet tagging

e Hermiticity: non pointing “cracks’
to avoid tails from badly reconstructed jets

« Thickness: avoid tailsin energy deposit for high
energy pions. >~91
to reduce punch-through in muon detector

o Granularity: adapted to hadron shower size
DhxDj =0.087x0.087 CMS
DhxDj =0.1x0.1 ATLAS

e Longitudinal segmentation:

EM calo + optimized segmentation of hadronic
compartment
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ATLAS and CMS calorimetry

e Longitudina segmentation:

Cryo
Had Had Had
barrel 1 2 3
2.3X0 0.44 1.3 4 5 A 14

EM: Po/LAr
HAD: Sc/Fe (barrel); Cu/Lar (endcap)
Forward: Cu/LAr + W/LAr

Had 1
Had ..| Had
5 coil 3
barrel
0.34 56 A 1.44 2.54

EM: PoWO4 Crystals
HAD: (Sc/Cu) (barrel ,endcap)
Forward: Fet+quarz fibers
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ATLAS and CMS calorimetry

and ATLAS: EM and HAD compartments both
non-compensated calorimeters
CMS. HADeh@.4 ;eh(EM)>>e/h(HAD)
ATLAS. HAD e¢/h @.35 ; eh(EM)>>e/h(HAD)

s . * "
ass |- | @ g -
Non-linearity I _
20-300GeV pl ons 08 — . »  interacting in HCAL only —
EM calibrated at EM scale oer |- i,
HAD had scale pions 50 GeV bl s

1 1 1 1 1 1 1
@ N
plon beam mamantum (Gav)

2 ah=1.354004 (3

e

L3 — & =h=1. T7HI0L (3]

ATLAS
Non-linearity 12%
20-300GeV pions
EM and HAD

Cdlibrated at EM scale

o ath=1.314201 (G-CALOR]

E,.. [0cV]

resolution, linearity depend on algorithm for energy reconstruction
Eio=Eryt+a X Hy+H,+H, s //E=122%/CEA 5%

ATLAS: Eg=a X Egy +b X Egy?+ 9X Eyap + d X AEpaps* Eewa)
s /E=50%/CEA3.4%A 1./E noisecut at 2s cone dR=0.3
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Jet Reconstruction

From parton to reconstructed |et

» Factorsrelated to physics

Fragmentation
Initial State Radiation, Final State Radiation
Underlying Event
Minimum bias (ATLAS high luminosity)
0.5 GeV in tower DhxDj =0.1x0.1
3.5GeV ( ) in cone of dR=0.4 (0.7)
(el. noise included)

» Factorsrelated to detector performance

12/10/00

Electronic noise

ATLAS: 200 MeV intower DhxDj =0.1x0.1

0.7 GeV ( ) in cone of dR=0.4 (0.7)

CMS:. 150 MeV in tower DhxDy =0.087x0.087
Magnetic field:

p; cutoff: 0.5 GeV ATLAS, 0.9GeV CMS

Different response to neutral and charged component
(non-linearity)

Lateral shower size, granularity (out of cone loss, two-
jet separation, t jet identification)

Dead material and cracks

Longitudinal leakage (very high p; jets)
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Jet Reconstruction
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Jet Reconstruction
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Jet Reconstruction
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Jet Algorithms

Jet algorithms: two basic approaches, many possible
variant

— Cone agorithm: seed + cone
iteration of cone direction, jet overlap & energy sharing,...
— Clustering algorithm (QCD inspired):
pairing of “particles’ (calorimeter towers) starting from
“closest” particles

stop at fixed jet multiplicity or acertain “size” ...

different energy bias vs ET for different algorithms
from physics
pile-up introduces a luminosity dependent bias

A

experimental effects: detector non-linearity, shower size
effects depend on particle composition and size of jet

Choice of algorithm will depend on physics channel and
luminosity conditions

some examples:
QCD jet multiplicity study at low luminosity or
high p; W® |j reconstruction

Jet energy calibration will be a complex issue because of
the combination of physics + detector effects.

In-situ physics processes like Z0+jet, W ®
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Jet Algorithms

different energy biasvs ET for different algorithms
different at low and high luminosity
Particle level study with W(jj)+) events

No minimum bias added
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Reconstruction of resonances

ATLAS: mid p; W: ~120-150 GeV

Resolution -8 GeV T [ el
: . . [— t i
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Jet Trigger

low p; jet cross-section ds/dp; ~ 1/p;3
sharpness of efficiency curve isimportant
not to be dominated by lower p; jets

LvL1:

ATLAS: 2x2 cluster (0.2x0.2) moved by 0.2 loca maximum
E; jet measured in window (2x2; 3x3; 4x4)
programmable, optimum = f (E;,luminosity)

CMS: 4x4 cluster (0.348x0.348) moved by 0.348 b local max.

E; jet measured in window 12x12

Window 0.4 x 0.4 Window 0.6 x 0.6 Window 0.8 x 0.8
Jat element/Slide 0.2 x 0.2 Jet element'Slide 0.2 x 0.2 Jeot element/Slide 0.2 x 0.2
De-cluster/Rol 0.4 x 0.4, overlapping De-cluster/Rol 0.4 x 0.4, overlapping De-cluster/Rol 0.4 x 0.4, overlapping
-1
De-chustenFol can be |
in 4 possible posilions De-clustar'Rol must

b in centra poaition
{to avoid Bx6, and 2 jetzhwindow)

LvL2: apply jet agorithm in window 1.0x1.0
improved calibration
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Jet Trigger: CMS Levell

L1 Jets Resolution, Inl<3
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tjetss AIH® tt (Z®1tt), W®tu

t jet identification:

Narrow, isolated jet associated to 1 (3) track(s)
ATLAS: QCD jet rgjection » 100 for t efficiency » 50%
Final state witht jet:

t direction from decay products + p;miss vector
susy H(ZOO GeV) —=> 21 —>|j
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tjetss AIH® tt (Z®1tt), W®tu

snglet+E™ss(low p; W ® tu)
single, doublet trigger (A/H ® tt)

Example: CMStrigger chain (High Luminosity)

4kHz for 1t (p>80 GeV); 2t (p;>50 GeV);

Efficiency: Input from E/HCAL:
Programmable 8-bit

H 200GeV non-linear scale
64% converted into10-bit
linear scale for

H 500 GeV sums to obtain jet

81% ortE.

PbWOD4
Crystal

+—>

Trigger
OWer Active towers counted
after a trigger tower
level programmable
threshold. 1-veto bit
formed by requiring
that there be no more
than 2 active ECAL or
HCAL towers ina 4 x 4

region.

HCAL
ECAL

JAp = 0.348
< Anm:m:n >
450 Hz for efficiency ~ 65% 3 L
e Reconstruct LvL1 jet: G 1@ figosmass 200GV o g
iterative cone dR=0.6 G o Higgs mass 500 Gev_ o™
e |solationin EM: ,%08 f
E;EM(R<0.4) 3 o)
- E;EM(R<0.13)<5.3 GeV o 07 B
~ 06l $+
0.5j =
0.4 =
10 1

L2.0 Tau Trigger Rate, KHz

oneisolated track reconstructed in Pixel detetctor (under study)
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E.™'ss Reconstruction

p™sS vector for invariant mass reconstruction:
A/H® tt ... P resolution important

Large E{™s = signature for new physics (SUSY,...)
® minimize tails from fake E;™ from instrumental
effects like “cracks’ (badly measured jets)

Py y™s reconstructed from the cell (tower) energies

|mportant factors (ATLAS study with A /H® tt )

Calorimeter coverage: needs coverage up to |h|»5
Particle level s(py (™) 2.3 GeV 7183 GeV |[h[»5N[h[»3

Calorimeter resolution: contribution depends on |h|
P.L.s(pyy™s)23GeV 7 83GeV (fully smulated)
barrel (5 GeV) endcap (4 GeV) forward (3 GeV)
because <E;> decreases

Calorimeter calibration: important to correct for non-
compensation (low p; particles)

Electronic noise: 200 MeV in tower 0.1X0.1
15s cutonnoise: s (pyy™s) 83 GeV 7 9 GeV
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E.™'ss Reconstruction

S(py y™s) versustotal transverse energy in the calorimeters
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E.M'ss trigger

 CMS: LvL1 uses 4x4 towers (DhxDj =0.348x0.348)
Least significant bit : 1 GeV E;

 ATLAS: LVL1 uses 2x2 towers (DhxDj =0.2x0.2)
Least significant bit : 1 GeV E;

ADCsaturation @ 256 GeV

e LvL3: recalculate E;™s with fine granularity, better
calibration constants

o E;™sstrigger used in conjunction with jet and tau
trigger

 inclusive E;™s: cut determined by bandwitdh
allocated to that trigger
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trigger rate (kHz)

trigger rate (kHz,

E.™'ss Reconstruction

LvL1 inclusive E;™ss rate dominated by QCD dijet + pile-up

Low luminosity

E,M'ss< 60 GeV min.bias increases rate by factor 5
EMss> 100 GeV min.bias has no effect
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Forward et tagging, low p; jet veto

Forward jet tagging
To select boson fusion processes
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Conclusions

A lot of interesting physics with jets, t-jets and p;™'s

Jét energy calibration will be a challenging and crucial task
There are physics and experimental effects at play
They depend on the algorithm, the luminosity conditions ...

Jet trigger: trigger rate dominated by sharpness of
threshold curves

t-jetsareidentified as narrow and isolated jets with 1(3)
pointing tracks. They can be triggered on.

Resonances decay to tt are reconstructed combining t-jets
with p;M'ss vector

E ™<= s reconstructed with good precision thank’s to the good
coverage and hermiticity of the detectors.

Caorimeter calibration important

High luminosity pile-up deteriorates the resolution
significantly
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