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Outline Part 2

Introduction
Basic processes, rates

Low-pT and QCD

Minimum Bias, UE, MPI

Jet cross sections
Electroweak Physics

W and Z production

+ jets

Top Physics
Further Issues

Disclaimer 1 : | concentrate on multi-purpose detectors ATLAS and CMS
and high-pt physics. Some bias towards CMS, for practical reasons only ;-)
Nothing on LHCb and ALICE....

Disclaimer 2 : Some slides or slide content taken from seminars/lectures/write-ups of other LHC colleagues,
eg. K. Jakobs, O. Buchmuiller, L. Dixon, M. Dittmar, D. Froidevaux, F. Gianotti, D. Green, J. Virdee, ...

Excellent resources : CMS Physics TDR, CMS-TDR-008-1; ATLAS Overview: arXiv:0901.0512;
https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults
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Introduction :

Measurements
of hard processes
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The hard scattering

h2 \ To pI’OdUCG (at central rapidity, ie. x1~x2)
/

a mass of
b d LHC | TEVATRON
L2 Phoy
V3 = NI 100 GeV | x~0.007 0.05
L1 Phy
7 C 5 TeV x~0.36 --

From where do wm

= —
———

1
do(hihy — cd) = / dz1dms Y fayny (@1, 15) fo/ns (@2, p3)d6 07D (Q?, 13
0 a,b

Hard Scattering = processes with large momentum transfer (Q?)

Represent only a tiny fraction of the total inelastic pp cross section (~ 70 mb)
eg. o(pp — W+X) ~ 150 nb ~ 2 - 10 owt(pp)

4
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Parton Distribution functions

X
0.8 [
- = QCD fit
A CTEQ4M
\ XU,
0.6 [ \
= F XJ (X 0.05)
0.4 |
0.3 |
0.2 |
0.1 |
0
10
gluons dominate at low x ! '
Scattering of 30 GeV electrons on 900 GeV protons: — the LHC is a gluon-gluon collider !

— Test of proton structure down to 10-® m
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Parton Distribution functions

]_l:l ! IIIlIlll ! llllllll L] IIIIIIII I IIIIlIll ! IIIlIlll ! llIIIIII L] IIlII_I:q

X 5= (M4 TeV) expi(zxy)

= — —
10 Q=M y = rapidity M= 10 TeV

Kinematic regime for LHC much
broader than currently explored
for example, HERA covers most -

of the relevant x range, but at
much smaller values of Q2

Is NLO DGLAP evolution sufficient 4
for LHC? ¥

M= 100 GeV

Q" (GeV

Have to propagate correctly the
uncertainties of PDF determinations 10°
into predictions of LHC processes

important when comparing to 10°
data

L0

T 1I1”T|'I‘ I rII1III'| T TTT

Have to determine / constrain the o0 bt vt i 4 ol e seol e
pdfs at LHC itself 107 10° 107 10™ 107 107 10 1o

i

what are useful processes for X
this?
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Event rates ( at 14 TeV.... )

Event production rates at L=1033 cm2 s-and statistics to tape

Process Events/s Evts on tape, 10 fb-?
W—ev 15 108
/ —ee 1 107
tt 1 108

Minimum bias 108 107 assuming 1%
QCD jets p+>150 GeV/c 102 107 orirager

bb— uX 103 107
gluinos, m=1 TeV 0.001 103
Higgs, m=130 GeV 0.02 104

107 events to tape every 3 days, assuming 30% data taking efficiency, 1 PB/year/exp

statistical error negligible after few days (in most cases) !
dominated by systematic errors (detector understanding, luminosity, theory)
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We will start at a lower Ecm

LO cross sections in pb, inclusive

.—.1065 0
< = = 10" & Ecm [TeV]/ Evts (7 TeV) Ratio
'E' - ] § Process 7 10 14 in 200/pb 7114
210 1. 10 E
7] o -
5 [P 1197 |9 |32E+05|6.8E+05| 1.4E+06| 6.4E+07| 0.2
S = = 10 Y
° T E o Z incl 2.5E+04| 3.6E+04| 5.7E+04| 5.0E+06| 0.4
7] Q
'%1035_ QCD (p >100 GeV/c?) Jqg? 2
3 1 2 |Winc 9.5E+04| 1.4E+05| 2.1E+05| 1.9E+07| 0.5
a 10°F 1.
- =10
N . ttbar 8.4E+01| 2.2E+02| 4.8E+02| 1.7E+04| 0.2
10 1. ¢
F - =10
2 inel ; Hisocew | 40 | 82 | 160 |8.0E+02| 0.3
1 .
g 310 no branching ratios included !
10-15_ i -
S 310° Thus: Early physics at Ecm = 7 TeV means
102 14 QCD (low and high-pT)
of - : Exclusive B production
10° 1t T
= — 2 .
- 710 EWK (Z,W) physics
-4L- SM Hi 150 GeV/c? 1
107 SN Hiags (150 Gevie) 110 some top (not too much, but should be ok)
10—5_ | | | | | 1 || 1 . : nNo SM nggS
2 3 4 5 6 78910 14 s
thanks to F. Ronga CM energy [TeV] some surprise
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First Physics runs (2010 ...)

After first “good” 10 pb-'
plenty of Min Bias events, many jets...
~20000 W, decaying to lepton + neutrinos
~2500 Z, decaying into two leptons

~200 semi-leptonic top-pair events
« Measure rates, align and calibrate better

After first “good” 100 pb-?

W(Z)+jets rates well measurable
« Jet calibration, MET calibration (for SUSY)

Inclusive leptons, di-leptons, photons, di-photon triggers (for Higgs)

From 100 pb-'to 1 fb-' (part of it not in 2010)

Standard model candles
« Top pair prod., W/Z cross sections, PDF studies, QCD studies, b-jet production

« Do extensive MC tuning
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Why SM physics?

Interesting in its own right
measure (calculable) event rates, cross sections

establish (dis)agreement with SM, constrain SM
challenge theoretical calculations at high Q2

demonstrate “working” experiment with well known processes

Understanding, commissioning, calibration of detector and the
software. eg. well suited : Z— ¢'¢

Backgrounds to many searches : check MC simulations
eg. W/Z+jets, Multi-Jets, top-pair events

Constrain (relative) PDFs

Alternative measurements of luminosity

G. Dissertori : LHC Detectors and early Physics
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Our Master Equation

Event rates (absolute, relative, differential)
Stat vs syst errors, backgrounds from data or MC?
Resolution, Energy Scale, Signal Significance

Nob

S

_kag

— O —

meas

Proton-Proton Luminosity

/ 8 l —— | uncertainty ~ 5% ? Do better?

Experimental issues : Triggers, reconstruction, isolation cuts, low-pr jets (jet veto)
efficiency determination (tag&probe)

Theoretical issues : p distributions at NLO + resummation;

differential calculations for detectable acceptance.

constrain, define uncertainties

O theo = PDF(xlaxzan) ® O

HO calculations,
implement in MC

Goal : test SM (in)consistency : O exp

= osM £ A

G. Dissertori : LHC Detectors and early Physics
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Measurements of

“soft” processes
(low pr)
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Underlying Event : Definition

The Underlying Event:

Everything except the hard scattering
component of the collision:

ISR, FSR,
spectators,
beam-beam remnant
multiple-parton interactions

\

Y

: <

=
Modeling controlled by
pT cut-off parameter:
Controls number of interactions

Uparton—parton

Oproton—proton

and hence the multiplicity.

Tuning for LHC: issue is the
energy dependence

of the parameters
Aug 09

Outgoing Parton

PT(hard)

Initial-State Radiation

Proton /"} """""" AntiProton
Y < “‘
Underlying Event \_H/VA-——“ derlying Event
P

Final-State
Radiation

Outgoing Parton

Issues / interesting questions /

Motivations:
Note : UE '= MB
Structure of hadrons, factorization of
Interactions
Tuning of MC models,
extrapolation to LHC energies
Detector commissioning

impact on selection efficiencies (isolation),
jet energy scale, MET, low-pT jets, jet vetos

13
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UE studies : Observables

CDF study, R. Field et al.
see CDF study, R. Field et a Using Charged Jets (using MB and jet triggers)

Topological structure of p-p collision from charged tracks
Jets found with massless charged tracks as input
The leading Ch_jet1 defines a direction in the phi-plane

The transverse region is particularly sensitive to the UE

4 )
Main observables:

dN/dnd @ charged density
g d(PTsum)/dnd® energy density )

From DY muon-pair production
(using muon triggers)

defined in all the phi-plane

after removing the muon pairs,
everything else is UE

Minimum Bias

Note :
chg. tracks : multiplicity, pr, rapidity distributions need corrections for
o : _ track reco eff. and acceptance
chg. multiplicity versus effective energy = Ebeam - Eleading baryon 14
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Examples of "Measurements”

Inclusive charged particle production
Remarks / Issues

Only a few thousands good events needed !

try to go to lowest pr possible (even to 100
MeV!), eg. just using pixel hit triplets

have to carefully extrapolate to full acceptance

systematic uncertainties at the level of 7 - 10 %

UE tests: sensitive to

various models and
tunings...

G. Dissertori : LHC Detectors and early Physics
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Multiple Parton Interactions

New handles to estimate
multiple partonic interaction rates

count pairs of mini-jets in MB interactions,
reconstructed using charged tracks

same-sign W-pair production
* based on D. Treleani, Phys. Rev. D72, 034022(2005)

new MPI| models in PYTHIA
Impact on jet cross sections studied
models have to be tuned on data

should we be worried?

a surprise in the rate of additional jets above
20-30 GeV because of MPI could have
considerable impact on jet vetos...

G. Dissertori : LHC Detectors and early Physics
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Jets

G. Dissertori : LHC Detectors and early Physics
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JET production at hadron colliders

at the Tevatron, or in the future at the LHC
\
h2\
fb/h2 /
b
d

hi, h2:p,p Ecm=1.96 TeV R >

S
hi,h2:p,p Ecm=14TeV
a

C

d,c : quaxks/gluons

Jof \
hy

J
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What is a jet?

simulation of a jet in CMS

“cluster/spray of particles (tracks, calorimeter deposits) or flow

of energy in a restricted angular region”

clear : need some algorithmic definition

G. Dissertori : LHC Detectors and early Physics
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A short digression:
Jet Algorithms

SSSSS



Jets in Hadron Collider Detectors
Jets in D@ CDF

CAL+TES R-Z VIEW 25-MAR-1997 12:22 |[Run 87288 Event  22409[25-DEC-1994 02:2C R R XL T T R DT T Toioess 31365 303508

Max ET= 345.4 GeV

DAIS E transverse Eta-Phi LEGO Plot
CAEH ET SUM= 968.0 GeV

VTX in Z= -5.4 (cm) B << 2
METS: Etotafl= 7417.1 Gev, Et (scalar)= 641.2 Ge
[ 2.<E< 3. et miffl#)= 49.1 at Phi= 180.8 Deg.
/ / |\i§< ‘
[ 4<B< 5. .
f5<E
-
N
/ > A ~
|| 7
27740 A S
L/ =T \ | ~ 7 o
Ccluster Et_min A H ~7 ;Sr
Clusters:ETHAT CLUSTERING s iy $
I SCLP: Cone-size=?, Min Tower Et="7 > ,;"Q ~ 75 QA‘V
/ MUOD BM H2 r Et Phi Eta DEta #Tow EM/Et Trks wMass </ "
_ELEC . 0 1 327,17 2.5 0.21 0.22 0 0.606 G 23.8 ~oz rf&
0 TAUS . @ 2 172.8 192,39 -0.57 -0.56 0 0.521 9 20.2
VEES e 8 3 123.0 170.9 0.23 0.23 0 0.757 15 27.8
__OTHE! . m 9 a.1 2325.3 1.28 1.23 0 0.281 3 3.1 PHI 2
ET2 0.2

Introducing a cone prescription seems “natural’...

But how to make it more quantitative?
don’t want people “guessing” at whether there are 2,3, ... jets
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Cones...

The natural (?) definition of a jet in a hadron collider environment

from J. Huston, CTEQ summer school 2004
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Requirements

Applicable at all levels
partons, stable particles
¢ for theoretical calculations
measured objects (calorimeter objects, tracks, etc)
and always find the same jet

Independent of the very details of the
detector

example : granularity of the
calorimeter, energy response,...

Easy to implement !

Infrared and Collinear safe!

Close correspondence between - neray
rgy

“ _ Momentum
I:)parton Pjet angle

/
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Start with
list of
seeds

The CONE algorithm

Seeds: for example, energy deposits with
transverse energy (E+ = E sinf) > 2 GeV

in a tower of the calorimeter

Send list of
protojets to
split/merge algo

Is list
exhausted?

Compute centroid Centroid (one possible def) :
using R

reC \/(77’4 —nC)° 4+ (&' — ®C)* < R cone radius

Is new axis
same as old

one?

1 o 1 o .

C E : T 1, Cc _ E T H . C _ § [

n = EC ET77 ) P~ = EC ET(I) ) ET _ ET
T jeC T jec ieC

Cone already
found? NS =
1
N )
Add to list

of protojets
Now : new seedless cone algorithm
SISCone : IR and Collinear Safe !
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Recombination algorithms (kt type)

N. Varelas

G. Dissertori : LHC Detectors and early Physics
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Recent developments

N. Varelas



Jet areas

R

G. Salam, “Towards Jetography”
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Further difficulties

Pile Up : many additional
soft proton-proton interactions

Outgoing Parton

PT(hard)

Initial-State Radiation

up to 20 at highest LHC luminosity

Proton ; — AntiProton
Underlying event Underiying Event E=Toal Nguerying ven
beam-beam remnants, initial state radiation, <«
multiple parton interactions I
gives additional energy in the event Outgoing Parton Radiation

Note : contributions from UE and from hadronization effects tend to cancel

All this additional energy has nothing to do with jet energies

have to subtract it

no cut on track momenta minimum track pt = 10 GeV/c
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End of the
digression
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What do we have to measure?

10 ! e o
-\ Goal
N\ . :
1R measure cross section inclusively
10 \-\ © DO Dara Myl < 0.5 for jets that are produced with a
= N \ certain transverse energy Er,
o i N within a certain rapidity range
G 107k AN - JETRAD UIBLIE ) rall2
b R \" max
:,? LT LN CTEQ3M, p=0.5E7 Test of perturbative QCD,
107 R : over many orders of magnitude!
2 : %, bin AFErp Y =
= _ N& e ee-mmTT
- ! R
ﬁ, 103k \* Look at very high energy tail,
é : new physics could show up there in
'Tu} - form of excess
< 10 2| (eg. sub-structure of quarks?)
2 F
i [ can be calculated
10 in pert. QCD
- , N
I N T B P
50 100 150 200 250 AFET A'}? el

count number of events, N, in this bin

efficiency to reconstruct jets
for a certain range in rapidity (angle) An

integrated luminosity
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Inclusive Jet cross section at the LHC

After MB studies, jets will
be the first objects seen
and measured

Enormous cross section,
so statistical errors quickly
negligible
1% at pt=1 TeV for 1 fb-’
(central)

10% for3 < n <5

Steeply falling cross
section : energy scale
knowledge most relevant

nb/Ge\V

—_—
e ——

e —

NLO (hep-ph/0510324),
CTEQ6.1, yr=pr=P1/2,
Kr algorithm (D=1)

107

10"

101

i i i i i i i i i i i i i i i i
200 400 600 BOO 1000 1200 1400 41600 1800 2000

pT Jets (GeV)

— 1 inverse fo _

10 inversa b —

100 inverse fb T

|

— Vivarelli, ICHEPO6

E T T e e N T AN N TN N O Y
400 600 BOO

EII

(T [T TN T N T TN T N T T N T M N T A T
1000 1200 41400 4600 4800 2000
Et [GeV)

]
(=]
=
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Problem 1 : Energy scale

Question : how well do we know the energy calibration?

Critical because of very steeply falling spectrum!

107 — d20'
dET d?]

O D@ Data Myl < 0.5 \!

=~ JETRAD
relative uncertainties
oON OFET

N Er

~ const - B —0

CTEQ3M, pL=0.5 Ef™®

/(ANAE )| d6/(dE dn)E dn (fb/GeV)

so beware:

eg. an uncertainty of 5% on absolute
energy scale (calibration)

10

1:—llllllllllllllllllllllllllllllllllllllllwl’llfl 9anuncertainty0f300/o(!)Onthe
50 100 150 200 250 300 350 400 450 500 measured cross section

E. (GeV)
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Problem 2 : Energy resolution

The energy resolution can distorts the spectrum

Again : Critical because of very steeply falling spectrum!

N (ET°®) :/0 N (Eftzfue) - Resol (E:,n?eas, ftprue) dEme

Q D@ Data Ml <0.5

eg. Gaussian resolution function
>~ JETRAD

CTEQ3M, p=0.5 ET"™"

®
Q
©
E‘ N ( t )2 ]
104 L [meas _ pitrue
= t T T
5 Resol (Er}neas, T “e) X exp | — 5
3 '
= measured spectrum N O-ET
X107 E ' - -
Nb
<9
S
g% so beware:
g true” spectrum ] ]
- i A bad energy resolution can distort the true
10 spectrum
- have to determine the energy resolution
I T - P T A W -
50 100 150 200 250 300 350 400 450 so0 —> have to “unfold” the measured spectrum

E, (GeV)
- problem is minimized if bin width ~ OFEr
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Inclusive Jets : Projections

CMS Physics Analysis Summary CMS-PAS-QCD-08-001

Note : left plot : “data points™ are from PYTHIA, but “theory” is a NLO calc. !
right plot : also shown : hypothetical contribution from new contact interactions
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Inclusive Jets : Systematics

experimental uncertainties theoretical uncertainties

a 10% jet energy scale uncertainty (which is realistic at start-up) gives a
60% error on the cross section!

Control in-situ with : photon/Z+jets and W=> JJ in top decays
Other sources : jet corrections (det = had => part), UE subtraction

G. Dissertori : LHC Detectors and early Physics
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Jet+Photon and Jet Energy Scale (JEs)

Jet calibration using
pt balance in
Jet+Photon events

Selection : isolated
photons, no high-
pT secondary jet,
photon and jet well
separated in
transverse plane

10% (5%) precision
expected for
100 pb' (1 fbT)

DO

G. Dissertori : LHC Detectors and early Physics
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Jet Energy Scale

procedures for obtaining data-driven jet energy corrections

Factorized Approach :

——————

-~

reco > L1 corr > L2 corr > L3 corr L4 corr _)I L5 corr . L6 corr carltib.I je|t
jet offset rel. n abs. § flavour . UE | parton el dos
. calib. jet
Possible approaches at particle level,
L2 : di-jet balance and/or photon+jets corr. for det. effects
L3 : photon+jets, data-driven MC corrections
Possible time-line:
N

d Day one:
based corrections.
Intermediate:
understand biases, extend to more particle types and algorithms

Long term:

Test-beam tuned MC simulation to provide corrections, backed up by the first pass to data

More developed data-based corrections. Use data-driven MC (re-tuned with collider data) to

A combination of a very accurate data-driven MC and well understood data methods would allow
|_ to achieve ultimate errors and support a large number of jet types and algorithms.

J

Aug 09 G. Dissertori : LHC Detectors and early Physics
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Di-Jets

K. Jakobs, CSS07

Goal : Measure cross section as function of invariant mass of the two jets.
Test QCD predictions and look for resonances at high invariant mass.

Also : di-jet angular correlations, largely independent on JES and
luminosity cancels out
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Di-Jets (cMS PDTR)

Note : Ratio of cross-section central / forward !
G. Dissertori : LHC Detectors and early Physics
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Further (early) jet observables

Event shapes

di-jet (azimuthal)
angular correlations

jet shapes

Transverse Thrust

1 — 7, = max 2 ’pL’_Z; iz
ir D DLl

Jet shape (fractional momentum inside cone)
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W and Z
production

. one of the flrst W and Z s in UA1/2

|||||||||||||||||||||||||||||||||||||||||
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Predictions

Pl—’—‘ j;}p%l.éz ‘—<—P2 known up to NNLO in pert. QCD!

P", — (E* pT~p,z>
‘ LO

\

‘ NLO
+

( NNLO
+
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Predictions

Probably best known cross section at LHC, NNLO, differentially

a well suited normalization process

pp~(Z,7")+X

I I I I I I I | I I I I | I I I I | I I I
80 | NLO i
— - NNLO il
> - -
g 60 —
\ T
O .
— ]
" LO il
% 40 [— —
\ L -
= i i
o i i
™~

b - -
s 20— Vs = 14 TeV —
i M = M, i
i M/2 £ u £ 2M l
O_ | | | | I | | | | I | | | | I | | | | I | | | ]

0 1 2 3 4

Y \

Anastasiou, Dixon, Petriello, Melnikov : differential in W/Z rapidity
Petriello, Melnikov : fully differential in lepton momenta

Aug 09 G. Dissertori : LHC Detectors and early Physics
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P’”/ (EapTapZ)

small NNLO scale
uncertainty:

LO : 25% - 30%
NLO : 6%
NNLO: 0.1 % (Y=0)-
1% (Y<3) -

3% (Y ~4)

shape stabilizes at NNLO
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Predictions

similarly for W /W’ : very small _
NNLO scale uncertainty: 0.5-0.7 % HOW?VGI‘ '
bp > WX dominant
S AL L B R I / uncertainty for
Vv absolute W and Z
M/2 < 4 < 2M 74 cross section:
: PDFs: 4-5%

| remember:

[do(W™)/dY] / [do(W™)/dY]

1.0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 w\

Yo b
«“ 1
do(hihy — cd) = / dz1d@s Y~ fasny (1, 1F) forn, (T2, p7)d6 07 (Q?, u)
0 a,b 7

K\ / ’\
so : if we measure precisely this, can we constrain this? known precisely up to NNLO »
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Experimental signature

Z: pair of charged leptons
- high-pt

- iIsolated

- opposite charge

-~70 <mi< ~110 GeV

Example: electron reconstruction

- isolated cluster in EM calorimeter

- pt > 20 GeV

- shower shape consistent with
expectation from electrons

- matching charged track

W: single charged leptons
- high-pT

- iIsolated

- Etmiss (from neutrino)
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Virdee, EPS09

Example: W, Z (0.BR)

/ — ee (10 pb'1 at 10 TeV) W — ev

> B T T T | T T T T T I T I T T T T
. (GD) 2500]- CMS Preliminary ) Ldt=10pb"
Z Selection o |
ET > 200 Gev EZOOO:
both e isolated s 0 1 ;;
>
70 <M, .< 110 GeV T F i
B ' Woe |
1000 ; Signal+Bkgd-e
. - m di-jets ]
W Selection - ILK —yalets
I . 1 | AN
E.>30.0 GeV * =
|solated e | ]
0 20 40 60 80 100
E; (GeV)
N IR Niclected — Npkgd 37500 =+ 453
Niked assumed 0.0 Use data driven Tag&Probe ¢, ¢ine 74.4 4+ 0.6 %
Tag&Probe €, f1ine 90.4 + 0.3 % Tag&Probe 4,40, 972 £ 0.3 %
Tag&Probe €igeer 99.88 + 0.02 % methods e.g. Tag&Probe €, flinex trigger 72.3 + 0.6 %
Tag&Probe ;444 81.6 = 0.5 % taa and probe Acceptance 36.6 + 0.1 %
Acceptance 404+ 0.2 % g p Int. Luminosity 10 pb_l
Int. Luminosity 10 pb! method to work
rar x BR(Z/A  cte) 1300 £ 20 pb out elszCIGrT,CIeS ow x BR(W — ev) 14200 + 200 pb
from “data
0z/4+ X BR(Z/v* — eTe™) (MCtruth) 1296 pb ow X BR(W — ev ) (MCtruth) 13865 pb
Systematic uncertainty Systematic uncertainty
2.4% + 10% for [Ldt 4.0% + 10% for [Ldft;
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Tag and Probe

Take well reconstructed object (eg. electron after tight cuts),
as well one with looser cuts (=Probe)

Use further constraint (eg. Z mass) to define a Tag
(ie. tight selection + mass constraint)

Now measure efficiency of applying further cuts on probe object!

Aug 09 G. Dissertori : LHC Detectors and early Physics
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W/Z and PDF constraints

ZEUS PDF before
including W data

/
/

e* pseudo-data
CTEQG.1

/

ZEUS PDF AFTER
including W data

/

e* pseudo-data

CTEQG.1

Fast simulation study by ATLAS (HERA-LHC workshop, hep-ph/051119)

produce W sample with CTEQG.1 pdf set, using a random 4% error on “data”
correct back for detector acceptance, using ZEUS-PDFs and include these

data into the ZEUS fit

Fit shows : error on parameter A ( x g (x) ~ x*) reduced by 35 %
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Luminosity Measurement

Expected uncertainty from luminosity monitors = 10 - 5% (7?)

Alternative : use W/Z counting as luminosity monitor bitmareta

N, _,=L_+PDF(x,x,,0°) 0, _,(+HO)
count  extract as inputs

or better : normalize processes to number of Zs (parton-parton luminosity)

N _N . Gq,quW . PDF(X;,X;,Q'Z)
pp—~WW — ' pp—>Z

| O - PDF(x,,x,,0°)

q.q —Z

) Calculate ratios.
§" Reduced uncertainties(?)

Extend also to gluon-quark case....
eg. by going to large pt (more gluon induced) ?
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W/Z + jets

Extremely important background
for many searches
in particular for SUSY searches in the “jets+lepton+ETmiss” channel
Remember : Jet scale uncertainty extremely important (xsec as function of jet pr), also here

can expect some 30 % uncertainty from that. Probably less in case of rate measurements.

Should also have a more “inclusive” look at it : Measuring the Z pt can be done with a relative
precision at the per-cent level (leptons (!) again), will be invaluable for checking predictions and

tuning MCs
N
+
o
‘6-
a" HERA-LHC workshop, hep~ph/051119
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Again, look at ratios!

Useful to test QCD, look for deviations

and many uncertainties cancel

Interesting example of newly proposed

Jeppe Andersen, Les Houches 09 ratio observable:

>= 3rd jet production as function of rap.diff.
of 2 leading jets.

Reduced sensitivity to exp. uncert?

Useful to test MC models!
Shower MC need “help” of extra hard partons!

Other interesting
observables:

o(W+n)/o (Z+n)

o(W*)/a (W-) vs
<n jet> = pdf's
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Top
production
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Top Quark Physics

Top Mass I*
=pin W Helicit
elici
Charge — Y

W-l—
Production ~
cross section P Vv
t b Anomalous
Resonance ‘ couplings;
X

sroduciotll - — - “

CP violation

onl

Production | _/ t

kinematics p d
/ W-

Rare/non SM decays —,

branching ratios, |Vip| !

Single top production
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Top as a “Tool”

__—Tag and Lepton study tool

Missing Et study tool

b-tag study tool

\ . b quark:
L_|ght quark: jet energy
\ Jsigleer]:f?% scale from
. Miop constraint
) Mw constraint
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Top decays

G. Dissertori : LHC Detectors and early Physics
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Top identification

4 jets p> 40 GeV

2 jets M(jj) ~ M(W)

Isolated lepton
p> 20 GeV

b-tag(s)

E,miss > 20 GeV

b-tagging important

Need excellent Silicon Vertex

and Pixel Detectors

Aug 09
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TO p P rOd U Ctl O n (example : semi-leptonic case)

See the top immediately

with simple selection : ATLAS

. . 14 TeV, 100/pb
Mlssmg Er, 1 lepton, =4 jets o b
even without b-tag (!), no b-tagging

cut on hadronic W mass

Example (ATLAS study, 14 TeV):
Observe it with 30 pb-1
o(tt) to 20 % with 100 pb-1
M(t) to 7-10 GeV

Once b-tagging is
understood:

Very high S/B achievable ~ 27 |
Study the top quark properties

mass, charge, spin, couplings, production and decay,

Backgrounds : AMy, ~ 1 GeV ?

W+4), Wbb+2j(3j) (minor here) important background for searches
Jet energy scale from W—jet jet,

relevant also for single-top commission b-tagging

G. Dissertori : LHC Detectors and early Physics
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Further issues...
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Background extrapolation

N evtst

signa

background

/

£ ,

some observable

theory :

use theory to compute
change in background
when inverting cuts

invert cuts :
from signal enhancement to
background enhancement

use data to
normalize background

Nevts| o ¢ \
o

G. Dissertori : LHC Detectors and early Physics
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... Importance of “Cleaning”

Theoretical Physics

during very early days we will have to be careful
will not yet understand “perfectly” some “noise” contributions, from detector, the machine, cosmics

Example : Missing transverse Energy

ETmiss IS a very tricky

variable to measure.

Mis-measurements can

easily fake “signals”.

Have to fight backgrounds, noise, use control samples, eg. Z+jets

Sep 07 G. Dissertori : LHC Physics - Part 4
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Warnings...

Always try to be as independent from the Monte Carlo as
possible!

eg. find a "Standard Model candle” for calibration

Obtain backgrounds from the data whenever possible

« Easy if we have mass peak (from sidebands)

* More difficult in case of excess in high-energy tails, in particular
In relation to MET or high-E+ jets

Study carefully the validity of a Monte Carlo, and what it is exactly
based on

* eg. LO 2-to-2 process + parton shower, or 2-to-n + parton shower, or
NLO+parton shower, or ...

Worry in particular about systematic errors in your search
analysis when S/B << 1 I

« be careful with calculation of significance
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Summary
of Part 2

“The only place where success comes before work is the dictionary”

G. Dissertori : LHC Detectors - Part 1
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Summary

SM physics at the LHC:
we will have to re-discover the SM before going to
other discoveries

Test the SM at an unprecedented energy scale

lots of highly exciting and interesting physics
« Jets, Ws and Zs, tops, ...

These are also important tools to
understand, study, calibrate and improve the detector performance
constrain physics input (pdfs, underlying event)
necessary input for all other measurements

We are getting ready now to be able to perform all these
measurements and run these tools as early as possible,
once the data start flowing in....
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