MISSING TRANSVERSE ENERGY
TERUKI KAMON

(TAMU/ Fermilab / Kyungpook National Univ. )

OUTLINE
\,,‘ ‘ 1) “Why MET? - very exciting physics opportunities”

%

~ 2) Concept of missing transverse energy (missing E or
MET) to infer the escaping particles - neutrinos,
weakly interacting non-SM particles (e.g., SUSY
dark matter particle), particles in very forward

CSI: region (|n|>95)

Collider Scene Investigation

3) Three different techniques to calculate MET in
CMS

4) Summary

... if you see this, it is a CMS or HEP
°c-jargon. Not in a physics textbook.
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DISCOVERIES WITH “MET”

1973 B.S. — Neutral current
@ CERN SPS (400 GeV p)

1983 M.S. — “W/Z discovery”

@ CERN SppS (540 GeV pp)
1995 Ph.D. — “Top discovery”

@ Fermilab Tevatron (1.8 TeV pp)

20?? ?2??

MET - inferring neutrinos
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MET(& JETS) AT THE LHC

AT

MET - inferring New physics (e.g., Dark Matter)
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MET(& JETS) AT THE LHC
Example: SUSY with R-parity Conservation

+ g2, 249, or gqq production will be dominant, followed
by their decays (e.g., § = q7,). —> Jets
+ R parity conservation
» Stable lightest supersymmetric particle (LSP)

> If LSP is the lightest neutralino ( 7, ),
e it will escape the detector &> MET (E;)

e 7, = Cold Dark Matter candidate —> Cosmology
» Thus, the evidence of SUSY-like new physics Wlll appear
in the Jets+tMET final states. <)
+ Cosmology + LHC e
= |Exciting Motivation]+ [Right Place& Timing] #% .‘
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STARTING WITH “TOWER” GEOMETRY

A design to measure the direction of energy flow
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As angle increases from zero, pseudorapidity
decreases from infinity. In particle physics, an
angle of zero is usually along the beam axis.
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PARTICLE IDENTIFICATION (1ID)

Identify all particles and measure their 4-vectors

Om im Im am 4m 5m 6m 7m

Key

Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
= ====Photon

through CMS

* Object Reconstruction Particle ID
Global muon reconstruction Muons b p
HCAL clusters w/ tracks Charged hadrons | \ /-
ECAL clusters w/ tracks Electrons »
HCAL clusters w/o tracks Neutral hadrons @ “
ECAL clusters w/o tracks Photons — \"
HCAL, ECAL w/ tracks Quarks, gluons ’ C
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COLLISION, PRODUCTION, DECAYS
P —————— — )
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MOMENTUM IMBALANCE
Z‘.p+2p 0 = Zp——Zp_ p

visible visible -
p slash
- S | Escaping
A :______—=’—"=_='_='=;—> from CMS
| l71>5
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Teruki Kamon

“MET” CREATION

Pr ==

S —
calo
E T =— Xk T (tower)
_ — calo jet
T
>PTth
y PF — PF object
g ET =— L Pr
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“MET” CORRECTIONS

MET corrections are necessary to bring to the true value.

1) Muon Correction

> Replace muon calorimeter response with muon
track momentum

2) Jet Energy Scale (JES) Correction
» Calibrate calorimeter towers (or cells) within jets as
a function of 7, p;, and EM fraction

3) Unclustered Energy and Pile-up Correction
» Account for response variations due to unclustered
particles, soft particles, and double counting in JES
from (i) underlying event (UE) and (ii) pile-up (PU).

4) Tau Correction
» Account for difference in its energy scale between

hadronically-decaying taus and light-flavor jets
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SEQUENCE OF MET CORRECTIONS

[MET corrections are necessary to brmg fo the true Value }

— —

1
E, " =—E,"" + A, + Ay + Ayggpy + 4, + ..

4 N\
] —2

Corrected ]
it * - J Calo MET
[ Calo MET |
Track—bz.lsed % tc MET 6
correction ) | : A

JME-09-010

Missing HT * - ]:[UE/PU ]j::>l Corrected MHT]

r PFMET | j PF MET G
g J 7]
\ PFT-09-001
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MUON SELECTION FOR MET

QCD P; > 800 GeV with at least one global muon P; > 10 GeV

[ heal mo T
- With previous muon selection 7 &% - With present muon selection 5 23
10* 95% of global muons in [EEELY a4 b1test
QCDpt800 sample are fake!
1 Corrected for L
"E Corrected JES && muons | II[ £ Corrected for fgir;]?stz(:ﬂ
- for JES only - JES && muons y
£ o= === L e
50" b0 800580 50089 o 500 R L I
MET (GeV) MET (GeV)
“good” muons “fake” muons
Global muons, no cuts 100% 100%
dy < 2 mm, number of hits > 10 96% 76%
Must be a tracker muon 959 27%
x? cut (< 10) ° Ctracker . Y 93% 9.7%
y /4
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MUON, JETS, AND TAU CORRECTIONS

09 “Type I” = u+ JES

© “Type II” = UE + PU

e jet=1

W(2ev) + jets 2 Gev W(2>1v) + 0 jets
¢
10T B RARE RARE RARE . N ——
% (Summer08 Sample) \L 500:— Calo MET+PF 1
O I b =, B - * | Calo MET }- ]
& b ] > 4001 - | Y\Calo MET+JES
C—1C T T _ T _ 0 B : £l
- — No Correction| | < 300 - o
8 Typel |-7GeV | o [ |
20 Type Il (c=1) € 200f- = P
O B I
| > E
_30__< ------------ ] w 100:_ LI _]
_ L : . :
_4q | S e W, SUE
: | % 40 20 o0 20 40 60
Y, SUPEEUINERTTRRTEER. A FYPY POP PP MET™°-MET""® (GeV)
20 40 60 80 100120140160180200

METtrue (GeV)
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200 GeV
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MET USING TRACKS

OO L .
Track % Single Particle
s I |

E i i -
: | | ~
E 9 | 7
: s | |
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True Momentum True Energy

Track-corrected MET (tcMET)

ETcalo+,u+track _ _E.Tcalo n Aﬂ n Z (RF(p,T]) _ ﬁT)
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e
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MET USING ALL SUB-DETECTORS
Particle Flow Algorithm: Individual particles (e, 1, 7, 7, % N° WY,
PU, NI) are reconstructed and identified by thoroughly exploiting

the characteristics of all sub-detectors simultaneously. This
algorithm will maximize its efficiency, purity, and accuracy.

/ (ETreco 3 ETtrue ) / ETtrue \

E PF _ y — PF object E calo+u+track
T _ T
B,C -
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M fc
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Teruki Kamon J Term IV : MET 15




ROBUSTNESS

CaloMET, tcMET, and pfMET are conceptually different, but

provide:

1) respective performances with largely independent systematic
uncertainties and different failure modes;

2) rapid understanding and a robust determination of the missing
transverse energy in CMS, especially for the first collision data at
the LHC.

Example [EWK-e group|: understanding the MET shape in dijet & y+jet events for o(W—>eV)
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MET “EXERCISE” BOXES

________________________________________________________________________________________________________

{ Abnormal Cell Handling MET & MHT Triggers
Y

Noise Cleanup MET Trigger Monitoring
MET > 100 Express Stream

Cosmic Ray Muon Tag

& Beam Halo Muon Tag MET Data Quality Monitoring/

¢ |n Calibration
JES Correction

MET Creation/Correction MET Scale Validation

* CaloMET, Type | (JES, mu), tau, Type Il

« MHT with Data
 Track-corrected MET * No real MET sample: Z(2>//) + jets
« PF-MET * Low MET sample: W(>/v) + jets

« MET & MHT significances * Medium MET sample: £ ¢

- Optimization of tower energy thresholds * Explore new physics with high MET
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AN EXCESS - NOT

—

Events/50 GeV/100 pb-
[an—y
=

10!

CMS MET Conveners

Filip Moortgat (filip.moortgat@cern.ch)
Teruki Kamon (t-kamon@tamu.edu)

US CMS Institutions

Brown, UC San Diego, UC Santa Barbara, UC Riverside, Cornell, TS
Fermilab, Florida, U of Illinois at Chicago, lowa, Maryland, Princeton, T‘\-.ORMET

Rockefeller, Texas A&M, ...
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“SUPERSYMMETRISTS, BEWARE!”

!
AR

S“y J. Ellis, SUSYO07 IS SUPERSYMMETRY FOUND?

Jaha Ellde
CEMN =— Cengvs

and

)
Mare Sher

29 March 1984 Universdey of Californim, Lrvime

[ ————

. EURCPEAN ORCAKLSATION FOR NUCLEAR RESEARCH CERN-EP/84-42
)

-Zoc-r'n To Fit /

Experimental Observation of Events with Large
Missing Transverse Energy Accompanied By a Jet
or Photon(s) in ppbar Collisions at /s = 540 GeV vonos

#vents seen recencly by che DAl

UAlL Collaboration, CERN, Ceneva, Switzerland =1
. . . collaboracion at che CEMH pp Callider may b
- »
Aschen -annecy(LAPP) -Birminghas ~CERN ~Harvard -Helsinki -Kiel due to squarks or glulnos with sasscs 0{40)
Queen Mary Collegs, hnﬂﬂﬂ‘-n:mth amstevden’ -Peris(Coll.da Prasce)” "-Riverside'" Gal, The thimnese of the observed Jars
Roma' '-Rutherford Appleton Lab.'' i favours the squark interprecation. In chis
erford Appleton Lab. =Saclay(CEN) cage, we predice chat sleptons should have

Bagses between 20 and 30 GeV and that the
photine should have & mass between 5 and 10
GaV. Such massos are close to che
Abstract oxperimental lower llsits and spareicles
could soom be dll:i:ltl::ih-l.e in eta= . ¥y by
_ ) _ o . txperiments and W' amd Z¥ decay. We
we report the observation of five events in which a missing Eransverds desonstrace that sweh light spartic h!"“““
are conslscent with models whose weak gauge
similar events with a neutral electromagnetic c¢luster (either ome or more SyeeLy reskiag is driven b @ ¢ g

) . welghing O(40) CeV as receatly reporced, amd
we cannot find an ezplamstion for suech events 1o #¥en with mno-scals sodels in which the

expectations of the Standard KBodel. fupersyemetry breakiag scales is alss
deterained dynamically.

L} ] L
Vienna —wisconsin Collaboration

energy larger than &0 GeV is associated with a narrow hadromic jet and of Cwo

elosely spaced photons).

cermg of backgrounds or within the

(submitted to Phys. Lett. B) S

July 1984
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