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= a few numbers and pictures only

B Measurements of hard processes
® [ntroduction
m Jets

® \Ws and Zs

® Di-bosons

= top production

m Further aspects
= Ratios are good
B Some comments
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Expted Detector Performance ) msse

®m Construction quality checks and beam tests of series detector modules show
that the detectors as built should give a good starting-point performance

Detectors Expected performance day 1  Physics samples to improve (examples)

ECAL uniformity ~1% (ATLAS), 4% (CMS) | Minimum-bias, Z — ee, W—ev
ely scale 1-2 % ? Z — ee

HCAL uniformity 2-3 % Single pions, QCD jets
Jet scale <10% Z(—Il) +1j, W — jj in tt events

Tracking alignment 20-500 umin R¢ ? Generic tracks, isolated u , Z — uu

F. Gianotti
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Tracking alignment 20-500 umin R¢ ? Generic tracks, isolated u , Z — uu

F. Gianotti

B However, a lot of data (and time ...) will be needed at the beginning to

®  Commission the detector and trigger in situ

m  Reach the performance needed to optimize the physics potential

®  Understand “basic” physics at 14 TeV and normalize (tune) the MC generators
m  Measure backgrounds to new physics and extract “early” convincing signals
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that the detectors as built should give a good starting-point performance

Detectors Expected performance day 1  Physics samples to improve (examples)
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Jet scale <10% Z(—Il) +1j, W — jj in tt events

Tracking alignment 20-500 umin R¢ ? Generic tracks, isolated u , Z — uu

F. Gianotti

B However, a lot of data (and time ...) will be needed at the beginning to

®  Commission the detector and trigger in situ

m  Reach the performance needed to optimize the physics potential

®  Understand “basic” physics at 14 TeV and normalize (tune) the MC generators
m  Measure backgrounds to new physics and extract “early” convincing signals

m Using in-situ calibration, control samples, and based on experience
from previous exps: an educated guess :
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Expted Detector Performance e

iroductr “Isolated” electrons, photons: AE/E., = few % /VE +

11 0.5%(goal)

Detectors excellent angular resolution, "high” efficiency and

P“ sssss “small/negligible” backgrounds

X for ps > 10 GeV (?) and |n| < 2.5(?) oe =~ 1%
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“Isolated” electrons, photons: AE/E., = few % /VE +
0.5%(goal)
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“small/negligible” backgrounds
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Expted Detector Performance

“Isolated” electrons, photons: AE/E., = few % /VE +
0.5%(goal)
excellent angular resolution, “high” efficiency and
“small/negligible” backgrounds
for p > 10 GeV (?) and |n| < 2.5(?) de ~ 1%
“Isolated” (100 GeV?) muons: Ap;/pi~2—5%
excellent angular resolution “"high” efficiency and
“small/negligible” backgrounds
for p; > 10 GeV (?) and |n| < 2.5(?) de ~ 1%
“Isolated(?7?)” jets: AE;/E; ~ 100 — 200%/VE + 5% (?7)
good angular resolution and efficiency, but “difficult” systematics
(nonlinearity)
for p; > 30 GeV (77) and |n| < 4.5(77)

G. Dissertori 10



Introduction
Status of
Machine
Detectors
Processes
Jets

Wiz
Dibosons
Top

Remarks

Feb 07

r

Expted Detector Performance e

“Isolated” electrons, photons: AE/E., = few % /VE +
0.5%(goal)
excellent angular resolution, “high” efficiency and
“small/negligible” backgrounds
for p > 10 GeV (?) and |n| < 2.5(?) de ~ 1%
“Isolated” (100 GeV?) muons: Ap;/pi~2—5%
excellent angular resolution “"high” efficiency and
“small/negligible” backgrounds
for p; > 10 GeV (?) and |n| < 2.5(?) de ~ 1%
“Isolated(?7)” jets: AE,/E; ~ 100 — 200%/vVE + 5% (?7)
good angular resolution and efficiency, but “difficult” systematics
(nonlinearity)

for p; > 30 GeV (77) and |n| < 4.5(77)

Missing transverse momentum: depends on final state!
iIn general a mixture between lepton and jet accuracies
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Our Master Equation

Event rates (absolut, relative, differential)
Stat vs syst errors, backgrounds from
data or MC? Signal Significance

\

meas

Il Nobs_kag
e L

G. Dissertori

D

ETH Institute for
Particle Physics

12



Introduction
Status of
Machine
Detectors
Processes
Jets

Wiz
Dibosons
Top

Remarks

Feb 07

Our

O

Master Equation

Event rates (absolut, relative, differential)
Stat vs syst errors, backgrounds from
data or MC? Signal Significance

e ——
1l Nobs_kag

meas / 8 L

Understand isolation, jet veto; pT distributions at NLO +
resummation; need calculations for detectable acceptance.
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Introduction Event rates (absolut, relative, differential)
il Stat vs syst errors, backgrounds from
data or MC? Signal Significance

Jets \ /
1l N obs N bkg

Top
Remarks Gm eas TR Proton-Proton Luminosity

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

Understand isolation, jet veto; pT distributions at NLO +

Machine

Detectors

Processes

resummation; need calculations for detectable acceptance.
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O theo = PDF(xlaxzan) ® O
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Introduction Event rates (absolut, relative, differential)
il Stat vs syst errors, backgrounds from
data or MC? Signal Significance
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Understand isolation, jet veto; pT distributions at NLO +

Machine

Detectors

Processes

resummation; need calculations for detectable acceptance.

O theo = PDF(xlaxzan) ® %rd

HO calculations,
implement in MC
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Introduction Event rates (absolut, relative, differential)
il Stat vs syst errors, backgrounds from
data or MC? Signal Significance
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Understand isolation, jet veto; pT distributions at NLO +
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resummation; need calculations for detectable acceptance.

O theo = PDF(xlaxzan) ® %rd

constrain, define uncertainties HO calculations,
implement in MC
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Our Master Equation

Event rates (absolut, relative, differential)
Stat vs syst errors, backgrounds from
data or MC? Signal Significance
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Proton-Proton Luminosity

mecas .
8 l —— | uncertainty ~ 5% ? Do better?

/

Understand isolation, jet veto; pT distributions at NLO +
resummation; need calculations for detectable acceptance.

O theo = PDF(xlaxzan) ® %rd

constrain, define uncertainties HO calculations,
implement in MC

Goal : test SM (in)consistency : Oexp L Aexp — OSM

=By
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and Software
Physics Technical Design Report, Volume I

Physics Performance
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CERN/LHCC 2006-001 CERN/LHCC 2006-021

see http://cmsdoc.cern.ch/cms/cpt/tdr/

will be appreviated as CMS PDTR in the following
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Inclusive Jet cross section D mize
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Inclusive Jets : Systematics
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a 5% jet energy scale uncertainty (which is more realistic at start-up) gives a

30% 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
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B a3 5% jet energy scale uncertainty (which is more realistic at start-up) gives a
30% error on the cross section!

®  Control in-situ with : photon/Z+jets and W=> JJ in top decays

m  Other sources : jet corrections (det = had => part), UE subtraction
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Di-Jets (CMS PDTR)
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Jet + Photon/Z

m Jet calibration using pT balance

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

m Statistical error well below 1%
after 10 fb1
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m Jet calibration using pT balance

m Selection : isolated photons, no
high-pt secondary jet, photon
and jet well separated in

¥ transverse plane

m Statistical error well below 1%
after 10 fb1

A

15 |- Startup (source calib. + test beam + MC)

v + jet W fit from tt
® 50% reduced b-tag

7/ 5 ..... et
S I J full b-tag
1-10 fb1

// | | | .
20 50 150  (|og scale)

Jet p; (GeV/e)

Feb 07 G. Dissertori 18
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jet energy scale error (%)
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1.3
m Jet calibration using pr balance o | LHC qg—v-jet
m  Selection : isolated photons, no aa i accepted
high-pt secondary jet, photon i
and jet well separated in “w | —4= |
Jets ~—~ —-|—
transverse plane G 11 | |
] ] m Tl
= Statistical error well below 1% S 105 [T
=~
after 10 fb- 2 '
& ' |  Accessible X o™ 0-0005 - 0.2
A 095 | using photon-jet or Z-jet
09 |
1s L _S_t_zir:ty_p_ g§9y_rg:fa_9§_li_l:)ﬁ._-l_-_tfa_s_t_l:_)c_afsl_rp_-{- MC) I few % stat. error at large . with
085 I only 1 fb" of LHC data!
: ' t 0.8 S ——— _
~ + jet W fit from tt I e iy
10 |- ® 50% reduced b-tag x gluon

'+ jet m constrain gluon pdf

5 |- full b-ta
g ®  enerqy scale well controlled by photon
1-10 fb! 2 Ui
m  otherissues there:

/| | | interplay real radiation - fragmentation

jet energy scale error (%)

% > L | .
20 50 150 m  Z+jet : smaller rate, best possible
(log scale) prediction needed
Jet p; (GeV/e)
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Predictions

B Probably best known cross section at LHC, NNLO, differentially

B 3 well suited normalization process

pp-(Z,7")+X

r

7§\ ETH Institute for
Particle Physics

I I I I I I I I | I I I I | I I I I | I I I
BO_NLO
- - NNLO
=
5 60
=
L0
oF
| E—
" LO
% 40 —
\ -
= 1
o !
k
b =
i " 20— Vs = 14 TeV
| M = My
M/2 < pu < 2M
O—ILLJ;LLLLI;LLLJ;I;LLLI;I;LLJ;I
0 1 2 3 4
Y

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

G. Dissertori
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B Probably best known cross section at LHC, NNLO, differentially

B 3 well suited normalization process

pp-(Z,7")+X

s

—I I I I I I I I | I I I I | I I I I | I I I—
BO_NLO y
. " NNLO 1
> -
5 60 =
9 1
'Q E
o, 1
|
L 1
% 40 — -
\ - -
= . 1
& I 1
B
b = -
i* 20— Vs = 14 TeV =
L M = M, 1
| M/R2 S u < 2M 1
O— ] i T T— | i o — ] LJ;J; ] J;LJ; ] ] J;LJ;I ] |
0 1

Y

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

G. Dissertori

o

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

20
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Predictions

similarly for W¥ /W’

. very small

NNLO scale uncertainty: 0.5-0.7 %

pp - W+X
o I I I I I I I I I I I I I I I I I I I I I I LY/
1.6 2
| | | | /
I /
Vs = 14 TeV &
— & /// ,/
o 8 7 b
4 M/2 £ pu < 2M VY
|/-\ L, ///'i/' 1
= - 1Y —
_8 I V4 !
Y,
s | NNLO /¢ )
Y %
P I NLO #/ )
';l ///////
© i Y 1
\ ///// Y4
~ 1.2 — //// _/ w
S
L /////'/ LO =
- R —~—.’;f;;:;/"{” 1
10 | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Y
W

G. Dissertori
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Introduction

similarly for WY /W™ : very small
Tl NNLO scale uncertainty: 0.5-0.7 %

Detectors
Processes pp 4 W_|_X
Jets .
1.6 I I I I | I I I I | I I I I | I I I I | I I I I I I I //
W/z B /'
| Vs = 14 TeV Y
Dibosons = e /[ -
>_| M = MW // {
Top Lo A M/2 p- - Y, / )
) 4 = M = /K .
i | =2 : V7 However :
= - g - '
Y dominant
S L // %; 1 .
= _ NNLO : uncertainty for
\ /,/// 4
= | NS/ - absolute W and Z
» Y 4 - .
o o4 Cross section:
\ 1 2 = 7 A —u
g ) A~ Lo 1
5 — = : PDFs: 4-5%
® ! = 4
10 | | | | I | | | | I | | | | I | | | | I | | | | | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Yy

21

Feb 07 G. Dissertori



Issue of acceptance...

Introduction
Status of 5
Machine
Detectors
Processes
Jets
W/Z
—
Dibosons D
=
Top o

Remarks

Stirling®

Feb 07

. MRST2002-NLO

LHGC

x, =012 "--‘gig X, = 0.0003
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Introduction

Status of 5
Machine
Detectors
Processes
Jets
w/z

—
Dibosons D
=

e

Xy (LY E

x_ = 00003

if we want precise measurement

A

X
lI

of Luminosity or some parameter
0. 008 In hard-interaction cross section,
_oo008 | | %1 =O00E j it is essential to have HO calc.

restricted to measurable

acceptance

avoid extrapolation errors
(extrapolation to large yw)

Top 3 =
Remarks = :
m |
o
e
=
3 p—
&) N
o L
O
Stirling®

Feb 07
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Introduction . SeIeCtion

S:tuz_of = Z:2isolated leptons, pr>20 GeV, | n | <2.5, W : 1 isolated lepton + MET
L AN = Studied : electrons, muons.
Processes m  Difficult issue : MET (=neutrino reconstruction)
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Top
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Experimental Z/\W counting

B Selection

22000

20000}

,, 18000

216000}
514000}

‘512000
@ 10000
0

= 8000}

6000
4000
2000

Nu

Z : 2 isolated leptons, pr>20 GeV, | n | < 2.5,
Studied : electrons, muons.

Difficult issue : MET (=neutrino reconstruction)

Experimental Z counting precision of 1 - 2 % appears feasible, even after 1.

generated
reconstructed

'I'|II1I_

..90.

100 110 120
M, [GeV/c?]

e

D

W : 1 isolated lepton + MET

ETH Institute for
Particle Physics

CMS PTDR, G.D., Dittmar, Ehlers, Holzner

240001

22000/
,, 20000
218000

= 14000}
= 12000}

210000}
=
—

>

4000
2000

8000
6000}

'|1I1I|IIII

[r 'II'I'|IIII|IT ]

generated Z

.- generated Z with mze”|q2.4

-« generated £ (bb

reconstructed Z (be)

)
reconstructed Z (bb)

(

(

\_H reconstructed Z (ee)

oo
|

I__l_ IIIIIII

%

G. Dissertori
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7%

I
4 5 6 7
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Experimental Z/\W counting

24007
2200}
2000}

—

L

— generated

—

------ reconstructed

—

—

W transverse mass-

no jet with |
pt > 20 GeV |

100 T80 200
M. [GeV/c?]

CMS PTDR
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Experimental Z/\W counting

2400 CMS PTDR
22001 — generated ]
2000} §
E 1800 | - reconstructed |
£ 1600 :
1400 W transverse mass|
O 1200 ]
Q1000 e
-g no jet with -
5 9% pt > 20 GeV ;
Z 600 !

400
200 )
P : . . R T J
% 50 100 150 200
M. [GeV/c?]
MET- resolution :
6 (12) GeV with (without) jet veto.
However :
jet veto — sensitive to resummation effects
G. Dissertori
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Experimental Z/\W counting

2400

2200} 4

2000 — generated :

$1800 | reconstructed

+= 1600 :

1400 W transverse mass|

O 1200 ]

& 1000 no jet with |
£ 800

= 600 pt > 20 GeV
400

200
4 —ialrera, - i
% 100 150 200
M. [GeV/c?]

MET- resolution :
6 (12) GeV with (without) jet veto.

However :
jet veto — sensitive to resummation effects

CMS PTDR

Inclusive W— 1 v analysis

r

é ETH Institute for
| Particle Physics

Source Uncertainty (%)

Tracker efficiency 0.5
Muon efficiency 1

Magnetic field knowledge 0.05
Tracker alignment 0.84
Trigger efficiency 1.0
Transverse missing energy 1.33
Pile-up effects 0.32
Underlying event 0.24
Total exp. 2.2

G. Dissertori
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W/Z and PDF constraints

>‘ L

=

% e [ ZEUS PDF before
° |

including W data

e RS AL\
= | .:I:‘.\
\
- e* pseudo-data kY

o | CTEQ6.1

r

D

ETH Institute for
Particle Physics

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

® produce W sample with CTEQG6.1, using a random 4% error on “data”
® correct back for detector acceptance, using ZEUS-PDFs and include

these data into the ZEUS fit

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

G. Dissertori
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W/Z and PDF constraints

4 ETH Institute for
Particle Physics

e [ ZEUS PDF before
" including W data
. N
N \
| e*pseudo-data 1Y
0.4 |- CTEQ®6.1 \

ZEUS PDF AFTER
including W data

e* pseudo-data
CTEQG6.1

.........................

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

® produce W sample with CTEQG6.1, using a random 4% error on “data”
® correct back for detector acceptance, using ZEUS-PDFs and include

these data into the ZEUS fit

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

G. Dissertori
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m  Extremely important background for many searches
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m  Extremely important background for many searches

Introduction

sausor @ Remember : Jet scale uncertainty extremely important (xsec as function of jet pr),
Machine also here

Detect i '

i1 = can expect some 30 % uncertainty from that. Probably less in case of rate measurements.
Processes
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W/Z

Dibosons
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W/Z + jets P e

m  Extremely important background for many searches

Event/GeV/ib ™’

—
=]
il

10

-
=

-

Remember : Jet scale uncertainty extremely important (xsec as function of jet pr),
also here

m  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

m “transport” to W case will induce slight additional uncertainty
pp — Z°X — ete’ X pp — Z°X — ete X

10000

LHC (14 TeV) L =1fb” (PYTHIA LO) LHC (14 TeV) L =1fb” (PYTHIA LO)

Z° p, spectrum (with ly(Z *)l<2)

:

- Z° p, spectrum (with ly(Z *)l<2)

:

5

Event/0.2 GeV/fb !

HERA-LHC workshop, hep-ph/051119

I 1 1 | | l

0 20 40 60 80 100 0 5 10 | 15 20

p,(Z°) [GeV] p,(Z") [GeV]
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Introduction
Status of
Machine
Detectors
Processes
Jets

w/z
Dibosons
Top

Remarks

Feb 07

W/Z + jets : Ratios

B | ook at “clever” ratio, where some uncertainties cancel...

-
=

Ratio W'/'W
bt :
~ ko W = In

4

MRST2001 = uncertainty

LHC pp — W/Z + jet NLO (MCFM) |
.Il
]
II'
)

'|1.|l
'a';'li
W
t;n‘
Wy +
e W
)
g
'!.“:‘
l:‘
&
'l".&
<,
0 E}:ﬁx
Z N
"
"\1&-:\‘
“*l“’-'u
h}"-"\.
\\1"\.
\%;1‘
S N
CTEQ61 + uncertainty ‘~lj:_.::\1
“""-:;h::%;“
------------- “'x::‘h:x‘
ﬂ"l‘::"l

H“#’“*HWH%

200 400

* double ratio
C'I‘JE.Q!IMIRST

Lowsolusy
50 100 150 200 250 300

350 400 450 500

PTjnt

G. Dissertori

( ETH Institute for
. Particle Physics

HERA-LHC workshop, hep-ph/051119
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W/Z + jets : Ratios

B | ook at “clever” ratio, where some uncertainties cancel...

D

HERA-LHC workshop, hep-ph/051119

:*‘L LHC pp — W/Z + jet NLO (MCFM) LHC pp — W(—e+v + jet)
L x 10
L NLO (MCFM) -
g |\ 10000 -
= 5 % = i
a0’k kN 2
: e W © 8000 |-
10 4 % o000
B Zﬂ ;:%‘ n
I N I
i 0 4000 -
i ‘*%‘T;\‘
E— - 5N
10 3} | s
- CTEQ61 + uncertainty RN, w 2000 -
: R 000 CTEQ6]1 = uncertainty
............. N,
- RS - . : 7 _ .o
10 - MRST2001 + uncertainty ﬂ*":li:,l‘n, i MRST2001 = uncertainty |
18 ad Y 18 b 1.15 . !
17 £ . 1.7 e % ,
- | ] ; & d mn ' .
El'ﬁ " g 1.6 | % ) JrHH*H{THﬂJf 23 P2
=1-5 r -Hﬂ +i H E E E L5 ’ "1‘\ 0.95 ‘ %5 f_,-'""
g14 |/ HHHW %-‘é = S 14
%13 | 4 0.9 , 2-35 2 oy |
1.2 I 200 401]] 1.2 CTEQ = uncertainty = MRST = uncertainty
1.1 - 1 b 4 | |
~ 50 100 150 200 250 300 350 ‘mﬂ:]Tj.:?S" 500 =S 3 32 4 1 1 2 I
jet
G. Dissertori
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Dibosons

WW, WZ, Z2Z, Wy

expect clean event samples,

but diboson mass sometimes not well measured (W—{ v )

® to be compensated by MC
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Dibosons

m WW, WZ, Z2Z, Wy

B expect clean event samples,

but diboson mass sometimes not well measured (W—{ v )

® to be compensated by MC

B mportant backgrounds to searches

m WW/ZZ for H - WW/ZZ
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Dibosons

m WW, WZ, Z2Z, Wy

B expect clean event samples,
but diboson mass sometimes not well measured (W—{ v )
® to be compensated by MC
B mportant backgrounds to searches

m WW/ZZ for H - WW/ZZ

®  “small” cross sections ( ~ 10 - 1000 fb, incl. BR and acceptance)
m eg. ZZ yield after selection : 7 evts / 1 fb"’
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Dibosons D s

m WW, WZ, Z2Z, Wy

B expect clean event samples,
but diboson mass sometimes not well measured (W—{ v )

® to be compensated by MC

B mportant backgrounds to searches
s WW/ZZ for H - WW/ZZ

®  “small” cross sections ( ~ 10 - 1000 fb, incl. BR and acceptance)
® eg. ZZ yield after selection : 7 evis / 1 fb"’

®  n>1 leptons : uncertainty because of lepton efficiency almost n-fold

G. Dissertori 29



Dibosons ”[) T e or

m \WW, WZ, ZZ, Wy
B expect clean event samples,
but diboson mass sometimes not well measured (W—{ v )
® to be compensated by MC
B mportant backgrounds to searches
R s WW/ZZ for H - WW/ZZ

m  “small” cross sections ( ~ 10 - 1000 fb, incl. BR and acceptance)

® eg. ZZ yield after selection : 7 evis / 1 fb"’
B n>1 |leptons : uncertainty because of lepton efficiency almost n-fold
m  difficult backgrounds : top pair production, Zbb

®m suppressed with strong lepton isolation and jet veto !

reaction pp -+ X K [ K (Jet veto) | K (P (jet) 150—400 GeV)
pp = WTW~ — dvlv | 1.5 1.3 67(!)
pp — W=Z — tvél | 1.9 1.4 30(1)
pp — L7 — LUl 1.4 1.4 6(!)

Feb 07 G. Dissertori 29
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m WW, WZ, Z2Z, Wy

B expect clean event samples,
but diboson mass sometimes not well measured (W—{ v )
® to be compensated by MC
B mportant backgrounds to searches
R s WW/ZZ for H - WW/ZZ
m  “small” cross sections ( ~ 10 - 1000 fb, incl. BR and acceptance)
® eg. ZZ yield after selection : 7 evis / 1 fb"’
®  n>1 leptons : uncertainty because of lepton efficiency almost n-fold
m  difficult backgrounds : top pair production, Zbb
®m suppressed with strong lepton isolation and jet veto !

reaction pp — X K | K (Jet veto) | K (P:(jet) 150—400 GeV)
pp = WTW~ — dvlv | 1.5 1.3 67(!)
pp — W=Z — tvél | 1.9 1.4 30(1)
pp — L7 — LUl 1.4 1.4 6(!)

m  Systematic uncertainties (for 1 fb™! cms ptDR) : ~10 -15 %

®m  excluding the lumi. uncertainty
Feb 07 G. Dissertori 29
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Dibosons : Observables...

10

10

115
1.125
=~ 1.1
£1.075
S 1.0

= 0.975
~ 095
20925

0.875
0.85

look at lepton pt (well measured) and ratios!

LHC pp — WWi(—evev)
NLO (MCFM)
: P, of e* from W*
sensitive to
WW+jets
N
CTEQ61 + uncertainty
------------- MRST2001 £ uncertainty
f
f
f
[
|
5'5 J

50 100 150 200 250 300 350

400 450 500

P.l_leptq:m
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Dibosons : Observables...

10

10

look at lepton pt (well measured) and ratios!

LHC pp — WWi(—evev)
NLO (MCFM)

I"T of e from W

sensitive to
WW+jets

CTEQ61 + uncertainty

o MRST2001 = uncertainty

50 100 150 200 250 300 350

P.l_leptq:m

400 450 500

r

D

ETH Institute for
Particle Physics

Dittmar, Pauss, Zurcher

. Oq,ﬁ—>WW . PDF(X;,X'Z,QQ)

N =N
pp—~WW pp—Z 2
f t O.:.; PDF(x,x,,0%)
- 1
Lpp A alization process
x10

o[p’p’ > WW —I'viv]

G. Dissertori

LHC 14 TeV
100 fb™

PYTHIA no detector
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TO p P rOd U Ctl O n (example : semi-leptonic case)

See the top immediately

with simple selection :
Missing E1, 1 lepton, =4 jets,
NO b-tag (!),

cut on hadronic W mass
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TO p P rOd U Ctl on (example : semi-leptonic case) D Particle Physics

Atlas FullSim Preliminary

~420— _EN)
See the top immediately 6 | ”1{:1' }5501;% 11
with simple selection : Tg.m'_ T i LN
Missing Et, 1 lepton, =4 jets, g | 'y Top pair events
NO b-tag (!), JHEL LA in 300 pb-*
cut on hadronic W mass L |
Top Eﬂ_— [
N
40
| |
- oh A
20/ ; A,
ﬂ|||||||||||||||||| || '"-“'- .I"?'-“""".l
100 150 200 250 300 350 400 450 500

M reco

Study the top quark properties
mass, charge, spin, couplings, production and decay,
AM;o, ~ 1 GeV ?

important background for searches
Jet energy scale from W—jet jet,

commission b-tagging
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TO p P rOd U Ctl O n (example : semi-leptonic case)

See the top immediately

with simple selection :
Missing E1, 1 lepton, =4 jets,
NO b-tag (!),

cut on hadronic W mass

Top

Once b-tagging is
understood:
Very high S/B achievable ~ 27 !

Backgrounds :
W+4j, Wbb+2j(3j) (minor here)

relevant also for single-top

Feb 07

~4120

Events / ( 5.1

20

é ETH Institute for
Particle Physics

Atlas FullSim Preliminary

N, = 580+ 48
o(m, )= 154+ 1.2

——_

Top pair events
iIn 300 pb-1

—
—

r‘i _--* :
III..__.'.

[ 1
5

"-i r L = o
.-"I| o
|||||||||||||||||| ||| T\ .'I-"?'-""".l

100 150 200 250 300 35!1 400 450 500
Mreco

Study the top quark properties
mass, charge, spin, couplings, production and decay,
AM;o, ~ 1 GeV ?

important background for searches
Jet energy scale from W—jet jet,
commission b-tagging

G. Dissertori 32



TO p P rOd U Ctl O n (example : semi-leptonic case) (D Egrktlilcrl]étg’t#ytseigr

Adig) /G CMS PTDR

L 1~ [ 5" | 1067

vachine | Simulation samples (€sim) 0.6%

beteciors | Oimulation samples (Fy;) 0.2%

processes | Pile-Up (30% On-Off) 3.2%

Jets Underlying Event 0.8%

Wiz Jet Energy Scale (light quarks) (2%) 1.6%

biesons | Jet Energy Scale (heavy quarks) (2%) 1.6%

Top Radiation (Agep, Q3) 2.6%

“emare | Fragmentation (Lund b, o) 1.0%
b-tagging (5%) 7.0%
Parton Density Functions 3.4%
Background level 0.9%
Integrated luminosity 10% | 5% | 3%
Statistical Uncertainty 12% | 06% | 0.4%
Total Systematic Uncertainty 13.6% | 10.5% | 9.7%
Total Uncertainty 13.7% | 10.5% | 9.7%
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TO p P rOd U Ctl O n (example : semi-leptonic case)

Adig) /G

1fb~" | 57" | 10"
Simulation samples (esim) 0.6%
Simulation samples (Fyip,) 0.2%
Pile-Up (30% On-Off) 3.2%
Underlying Event 0.8%
Jet Energy Scale (light quarks) (2%) 1.6%
Jet Energy Scale (heavy quarks) (2%) 1.6%
Radiation (Agep, Q3) 2.6%
Fragmentation (Lund b, o) 1.0%
b-tagging (5%) 7.0%
Parton Density Functions 3.4%
Background level 0.9%
Integrated luminosity 10% | 5% | 3%
Statistical Uncertainty 12% | 0.6% | 0.4%
Total Systematic Uncertainty 13.6% | 10.5% | 9.7%
Total Uncertainty 13.7% | 10.5% | 9.7%

G. Dissertori

CMS PTDR

Relative uncertainty on o(tt(n)) (%)

r

é ETH Institute for
Particle Physics

10

Statistical uncertainty .

Total uncertainty without luminosity uncertainty

Total uncertainty with luminosity uncertainty

20 25 3C

Integrated Luminosity (fo™)
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b-jet production

m  b-jets (jets with B-Hadrons) with pr>50 GeVand | n | <2.4
® {riggered on muon from B-decay + b-tag (secondary vertex tag)
m  Db-tag eff. ~65% in barrel;

Source

uncertainty, %

jet energy scale 12
event selection 6
B tagging 5
luminosity 5
trigger 3
muon Br 2.6
misalignment 2
muon efficiency 1
tt background 0.7
fragmentation 9
total 18

CMS PTDR

b-purity 55% - 70 %

G. Dissertori
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b-jet production  cusemx P sz

m  b-jets (jets with B-Hadrons) with pt > 50 GeVand | n | < 2.4
® {riggered on muon from B-decay + b-tag (secondary vertex tag)
m  Db-tag eff. ~65% in barrel; b-purity 55% - 70 %

Source uncertainty, %
Top :
jet energy scale 12
event selection 6 2107 _
B tagging 5 g | systematics .
luminosity 5 g / '
trigger 3 §  "Naena e s s 8 o . _
muon Br 2.6 § 10 R
misalignment 2 E, C ,
muon efficiency 1 @ [ .
tt background 0.7 5 | . '\
fragmentation ' i * statistical, for 10 fb
total 18 - =
101 AL | I | 4y | | |

| | 1 1 | 11 | | | 11 |
1200 1400 1600 1800 2000
B tagged jet P, (GeV/c)

0 200 400 600 800 1000
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Other issues

G. Dissertori

-

D

ETH Institute for
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Background extrapolation D s
ttttttttt - Backgrounds to H=WW —evev : WW, tt for gluon fusion, ttj for qqH

eeeeeeeee

sssssssss

Dibosons

Feb 07 G. Dissertori 36



e

Background extrapolation D s

weacion Backgrounds to H=WW —évev : WW, tt for gluon fusion, ttj for qqH
1.25//

- (a) |
1.00 B -

- ' two different scale definitions

0.75 |-

0.50 -

o(bkg) [fb]

0.25 |-

O.UU_IIlllllllll"|||lllll|||

e/ o

40-50% scale uncertainty at LO
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Background extrapolation D s

wescin Backgrounds to H—=WW —evev : WW, ftt for gluon fusion, tfj for qqH

Status of
Machine
1.25

= (a) |
o 1 Idea of extrapolation:
' two different scale definitions 1 €a Of exirapoiation.
_ I ] Kauer et al.
£ 0.75 -
"D Tbkg, LO
.—E.dﬂ i ~ ( g, ) . U?’*ef
£ 0.50 Oref. 1.0 ——
° ! — low experim.
low theoret. uncertainty
0.25 I llIlCel"[‘dlIl'[y
000 b L Opkg : background with
0 L 2 3 4 5 cuts optimized for finding signal
1/ Ko
40-50% scale uncertainty at LO et alet S

cuts to enrich background
(eg. revert the cuts above)

Feb 07 G. Dissertori 36
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Background extrapolation...

Obkg

Obkg, LO
Oref, LO

low theoret.
uncertainty

Oref
N~
low experim.
uncertainty

G. Dissertori
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Background extrapolation... s

Status of ~ O-bkg’ LO

Il m 1‘3}’;’;’;?;‘};1;1- Reference selection :
e = like signal, but

i = no central jet veto
* no lepton pair cuts

= require b-tag

37
Feb 07 G. Dissertori



e

Background extrapolation... &

Introduction

Status of ~ Ubk‘g, LO
Machine e (Uref Lo) | &fj
Detectors \—,—/ , ‘im. \ - .
low theoret. lg‘gczfgggg Reference selection :
RN uncertainty . .
* |ike signal, but
[ 0005 \ ———————————] " no central jet veto
: \ | | no lepton pair cuts
I Y 1| = require b-tag
£ 0.003F . | ]
5 : a few % scale uncertainty ]
E ! _
4 0.002| —
© :
0.001 - -
0.000:-'--'---"--'-'-"-"---
0 1 2 3 4 5

37
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The CMS study

MC
signal,,,

N

signal,,, x;MC control,,,
N control reg

Has been studied in detail in CMS
Davatz, Giolo-Nicollerat, Zanetti

"

- -~ # =

o MC . MC \
. Moy . LI
signal,,,\ signal,.,

-

MC ¥ MC

Iy "

- - - -

G. Dissertori
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& AN
conrrol‘?;{ \ conrrolmg.a -

"

~

reg ,
&

!

T control ]
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The CMS study D e

| MC Sy MC S MC N e
IrfogRcln . signal ., _," sigmlmg\ﬂ / € signal,,, ‘::" ‘
Status of Signalmg_ N MC Ncon.rrolmg _'I‘ MC J: :] MC '}:\ control,,, ":
Machine control,,, ‘\‘G conrrolig;: “-.\8 control,,/ "~ -7
Detectors / e 7»_______,»’
Processes - . -
| A Theor. Detector systematics Stat. Total
Error , _ Error | Error
& JES | acrit. | b-tagging
Dibosons
Top
¥ L=1fo1) | 10% | 10% | 4% | 11% | 24% | 30%
(L=51b") 10 % 6% 4% 9% 11 % 19%

Has been studied in detail in CMS

Davatz, Giolo-Nicollerat, Zanetti
Feb 07 G. Dissertori
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The CMS study

- i
- -~
- qr: ~

- -
- -
” %

-
( ETH Institute for
) Particle Physics

MC | \ R
. signal,., ' sigmlmg\ﬂ ;I S;gnalmg y
signal,,, NMC Nconrrolrgg:' MC J:J.] MC Ncon.rrol
control,,, ‘\‘G conrrolig;: \\8 control,,, .
/\h_‘ - :‘/n_______,«'

Theor. Detector systematics Stat. Total
Error . Error | Error

JES | acrit. | b-tagging
(L=11b") 10 % 10 % 4% 1% 24 % 30 %
(L=51b") 10 % 6% 4% 9% 1% 19 %

Has been studied in detail in CMS
Davatz, Giolo-Nicollerat, Zanetti

b1
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DY
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Getting things from data
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Getting things from data

m Calibrations

Electromagnetic calorimetry
o /Z — ee, W—ev, Minimum-bias

Hadronic calorimetry and jets

« Di-jet balance, Z (— Il) +1j, W — jj in tt events, photon + jet

MET

« Z (— Il) +jets, then remove leptonic information

Tracker and Muon alignment :

« Z—uu, W—nv

Lepton efficiencies, b-tagging
e Z—ee,Z— uu

b-tag : use ttbar events to commission

G. Dissertori
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Getting things from data

m Calibrations

=  Electromagnetic calorimetry

e / — ee, W—ev, Minimum-bias

m  Hadronic calorimetry and jets

« Di-jet balance, Z (— Il) +1j, W — jj in tt events, photon + jet

= MET

« Z (— Il) +jets, then remove leptonic information

= Tracker and Muon alignment :
o« Z—uu, W—nv

=  Lepton efficiencies, b-tagging
e Z—ee, —uu

* Db-tag : use ttbar events to commission

Important kinematic properties

m W+njets, p,of W: take Z (—Il) + njets
m Use bbZ (— Il) as benchmark for bbA

G. Dissertori
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Getting things from data P iz

Calibrations

=  Electromagnetic calorimetry
o /Z — ee, W—ev, Minimum-bias

m  Hadronic calorimetry and jets

« Di-jet balance, Z (— Il) +1j, W — jj in tt events,

= MET

« Z (— Il) +jets, then remove leptonic information

= Tracker and Muon alignment :
o« Z—uu, W—nv
=  Lepton efficiencies, b-tagging
e Z—ee, —uu
* Db-tag : use ttbar events to commission

Important kinematic properties
m W+njets, p,of W: take Z (—Il) + njets
m Use bbZ (— Il) as benchmark for bbA

Backgrounds
m  Sidebands, or

Events for 100 fb~%/ 500 MeV/c?

photon + jet

8000
CMS
H — ~vvy

7000 » ! c

miy = 130 GeV/c?
6000
5000
4000

|

110 120 130 140
m-,.-, (GeV/c?)

=  normalize background via background-enhancing selection, use theory to extrapolate to

signal-enhancing selection

G. Dissertori
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® \What are the important calculations needed, where is
phenom. work wanted”? Signal and Bkg:

® NLO wherever possible

® Resummation important, e.g. in context with jet vetos
B MC@NLO wherever possible!

® NNLO, fully differential

» at least for the basic processes

® Backgrounds are important now, especially :
ittt ), WiZ+jets

 |nvestigate ratio method for more processes
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Remarks D e

® \What are the important calculations needed, where is
phenom. work wanted”? Signal and Bkg:

® NLO wherever possible

® Resummation important, e.g. in context with jet vetos
B MC@NLO wherever possible!

® NNLO, fully differential

» at least for the basic processes

® Backgrounds are important now, especially :
ittt ), WiZ+jets

 |nvestigate ratio method for more processes

®m QOther interesting processes
m Jet + photon/Z : gluon pdf

®m Excellent understanding of incl. jet and di-jet prod.

G. Dissertori 40
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® How to analyze the first data coming out

®m Physics studies

® The ingenuity of the experimenters really becomes visible when
working on methods to get as much as possible from the data

® As important as that :
the strong collaboration between experiment and theory
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Summary D ez
® \We ARE getting ready for the LHC

B Many efforts now concentrating on the very details of the
start-up procedure

® How to analyze the first data coming out

®m Physics studies

® The ingenuity of the experimenters really becomes visible when
working on methods to get as much as possible from the data

® As important as that :
the strong collaboration between experiment and theory

Thanks for the invitation!
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