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The Menu

& ///

@ One LHC

@ A lot of Jets

@ Numerous Photons

@ Some W and Z Bosons
@ A handful of Top

@ Outlook

Unless noted otherwise all results are taken from ICHEP conference contributions
Complete references can be found here:

ICHEP 2010 web page: http://www.ichep2010.fr

ATLAS public results web page:

https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults Apologies to ALICE and LHCb,
CMS public results web page: | did not find much (yet) that fits
https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults into the high pT category ... :~(
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Total cross section —

Expected Event Rates at LHC

]_U EIIII

Assuming here: L =10*cm=s”

Jets: o_(E. *t>100GeV) or
Photons o(E >20GeV)
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W & Z bosons: o, O,
~ 6/ min, 2/ min

Jets: crjet(ETjet > 350GeV)
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Top quarks (o)
~ 9 [ day
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Delivered Luminosity

R

@ |Instantaneous luminosity at LHC:

. More than 2/3 of the data
i Range since start_up: CMS: lntagratad Lun'III'IDSIty 2010 arrived just in last week(s)

L=102 -103cm3s'-

0 35{] __ RN I
= m
. - — . -1
Thousandfold increase! [l Delivered 346 nb
3“{] __ ..................................... ........................
- | — Recorded 303 nb" e |
" Peak: 250 — e e DO A e e ettt eeeeeeel hode
L=1.6 x10*cm3s" -
] ] ] zuﬂ __ .........................
% Luminosity uncertainty: -
~ 11 (yo 150 :_ ......................................................................................................................................................................
Common uncertainty for aII 1“{] :_ ............................................................................................ L~1029cm281 ...........................
cross section measurements! - | | : |
5“ __ ................................... L~1 ozscm 23.1 ..................................... .........................
- Lz 102’cm 2s 1 !
L | | | . . i .z—L-‘-l__l-" 1 1 | I I I I | I I I I
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Short Term Plan

@ |Instantaneous luminosity at LHC: /
+ Range since start-up: 1e32 !

L=10% —10%cm2s"

Further increase by two
orders of magnitude!

2010/07/07 08.08
LHC 2010 RUN (3.5 TeV/beam)

\

10 ) EEZfZZZZZ

% Next steps:

peak luminosity (Hz/ub)

% Deliver 100 / nb of int. Ium|n03|ty
per day for 2 — 4 weeks

+ Commission running with 48 X 48 1< ~70 days r

bunches (32 colliding) 10

100 120 140 160 180

) ) day of year 2010
" ALICE: low pile—up since 01.07.2010
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ATLAS Event (Hi)Story

ATLAS Online Luminosity \s=7TeV
LHC Delivered (stable beams)

ATLAS Recorded

2.55 TeV mass
di-jet event

Total Delivered: 357 nb™ 1Str:gpd-qtuark
Total Recorded: 338 nb™’ candidate

Total Integrated Luminosity [nb™

0 . . . | e ! ! ! | I
30/03 27/04 25/05 22/06

20/07
Day in 2010
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EXPERIMENT

| Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST

Event with 4 Pileup Vertices
in 7 TeV Collisions
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Some Numbers

R

Note: Analyzed integrated luminosity and candidate selections vary
between analyses and experiments!

Photons: o (ETY > 20GeV) Highest photon pT: ATLAS: 150 GeV
~ 24 | min CMS: ~ 200 GeV
W& Zbosons: o ,0, W candidate events: ATLAS: O(103)
~ 6/ min, 2/ min (e,H) CMS: 0O(10°)
Z candidate events: ATLAS: 0O(10?%)
(ee & UM) CMS: 0(10?)
Jets: ojet(ETj"t > 350GeV) Highest jet pT: ATLAS: 112 TeV
~ 2 | hour

Highest dijet mass: ATLAS: 2.55 TeV
CMS: 213 TeV
Top quarks (o) Top candidate events: ATLAS: 2+7 =9
~ 9/ day (dilepton & lepton+jets) CMS: 2+3=5
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Final State Radiation

Sketch of a pp Scatter

Initial State Radiation

DI

S. Gieseke

Hadronization

PDF, Proton
structure

Not shown for simplicity:

Beam Remnants

Multiple Interactions

FSR off the hard partons /

Klaus Rabbertz

Lauterbad, Germany, 03.08.2010

Decay

PLUS ...
a Detector!
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Highest-mass di-jet
event from ATLAS:
ij =2.55 TeV

1A EXPERIMENT




] ] ' Run Number: 159224, Event Number: 3533152
Highest p, jet event Date: 2010-07-18 11:05:54 CEST

yfrom ATLAS:
p; =112 TeV

A EXPERIMENT




Run : 138919
Event : 32253996 Multi-jet event from CMS:

Dijet Mass : 2.130 TeV p.. =261 GeV
T,1

p,, = 188 GeV
p,, =178 GeV

—_—-

Jet 1 P, 585 GeV
- e /"’

| cMS Experiment at LHCCERN
S¥82 | Datatesgrded: Sun Jafl 27 08°20:02 2010 CEST
| RanfEvent: 1387260 f 114007131

, _ Fumi‘sectiongB98 Jet 1

[

7NN
/

|

Highest-mass di-jet

event from CMS: "\g“(

M, =213 TeV

Jet 3 !

Jet 2



Jets

Remnant 1

Remnant 2

Lachlan Rogers, Wikimedia

See also lectures from Kenichi Hatakeyama
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Jet Algorithms 1/3

& (K

Primary Goal:
Establish a good correspondence

between: /
- detector measurements

- final state particles and
- hard partons

calorimeter jets

Calorimeter shower

= particle jets < Decays, interactions in

material & magnetic field

: hadronization

Two classes of algorithms:

- Cone algorithms: "Geometrically” f
assign objects to the leading energy parton jets O artone
flow objects in an event
(favorite choice at hadron colliders)

- Sequential recombination: Repeatedly ® — < @

combine closest pairs of objects _
(favorite choice at e*e” & ep colliders) underlying event
proton proton

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 15



Jet Algorithms 2/3

@ Jet Algorithm Desiderata (Theory): 2 1
+ Infrared safety
+ Collinear safety
+ Longitudinal boost invariance

(recombination scheme!)

IR unsafe: Sensitive to the
addition of soft particles

+ Boundary stability
(— 4-vector addition, rapidity y)

- W oy
- il

% Order independence o0
(parton, particle, detector) \‘ _______ 7

+ Ease of implementation K v
(standardized public code?) ¥ f,’

Coll. unsafe: Sensitive to the
“Snowmass Accord”, FNAL-C-90-249-E ey
Tevatron Run Il Jet Physics, hep-ex/0005012 splitting of a 4-vector (seeds!)
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Jet Algorithms 3/3

. . . A2
@ Jet Algorithm Desiderata (Experiment): dij = min(kff,kff)R—;
+ Computational efficiency and predictability dip =k
(use in trigger?, reconstruction times?) AF = (yi —y)* + (0 — ¢5)7
+ Maximal reconstruction efficiency p=1:kT
. . ] p = 0: Cambridge/Aachen
+ Minimal resolution smearing and angular o = -1: anti-kT
biasing

Original KT implementation
10% —————— — —

+ Insensitivity to pile-up
(mult. collisions at high luminosity ...}’

€£81°9060/yd-day ‘wejeg ‘o ‘Aydeibojar

+ [Ease of calibration 1
+ Detector independence Z 10 |
* :ZUIIYI s?pec(;ﬁ;:‘)d 2.3 orders of |7 | .
etalls?, code: magnitude - ) . '
_ _ J 107 ~Fast kT implementation— ]
+ Ease of implementation N ~ LHClodumi  LHChilumi ~  LHCPb-Pb
(standardized public code?) "% 00 1000 N 10000 100000

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 17




Jet Algorithms at LHC

Primary algorithm at LHC: p, [GeV] l(JF— RS g reev _ijlAG' GanyAachen, F=1 |
ATLAS R 0.4, 0.6
CMS R=0.50.7 6

+k:R=04,06
(ATLAS & CMS)

= S|SCone: R=0.5, 0.7 S .
(CMS) 0 a2

-~ Cambridge/Aachen o [Ge SISCone [Sisconerat, =075 | > [Ge anti-k [ antik,R=1 |
used in jet substructure, for | . -~ ff’j' —F i e —
example in boosted top AR R o B |

General interest to -
work with all four

Fast kT, Cacciari/Salam, PLB641, 2006
SISCone, Salam/Soyez, JHEP05, 2007 y
anti-kT, Cacciari et al., JHEP04, 2008

Klaus Rabbertz Lauterbad, Germany, 03.08.2010
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Jet Measurements

All jets 1n the event
satistying the selection criteria

d*c N l :
— Jels x Cyunsm. Master Equation
dprdy _e-L{Apr - Ay
/ Unsmearing correction
= Jet Efficiency Bins of corrected Jet Pt (due to the ﬁnit‘:: detector
= FEvent Efficiency and Jet Fapidjty Pt resolution)

l

Luminosity, common| | The JES dominates the

uncertainty to all total uncertainty of the
measurements measurement

K. Kousouris
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Jet Analysis Uncertainties

R Y

@ Experimental Uncertainties @ Theoretical Uncertainties
(~ in order of importance): (~ in order of importance):

+ Jet Energy Scale (JES) + PDF Uncertainty

~ Noise Treatment + pQCD (Scale) Uncertainty

-~ Pile-Up Treatment % Non-perturbative Corrections
% Luminosity <+ PDF Parameterization
+ Jet Energy Resolution (JER) + Electroweak Corrections
% Trigger Efficiencies + Knowledge of a (M,)
% Resolution in Rapidity o eee

% Resolution in Azimuth

% Non-Collision Background

e N J

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 20




Jet Energy Calibration

Required Corrections Optional Corrections
>
Reconstructed
= EERES (e e ) )

ala CMS
+ Offset: Correct for detector noise and pile-up
(use random triggers = zero bias, special read-out for noise)

+ Relative (n): Equalize jet response in n w.r.t. control region (barrel)
(dijet balancing; or MC)

+ Absolute (p,): Correct measured jet p.. to particle jet p..
(photon + 1jet, Z + 1jet events)

~ Optional analysis dependent corrections: Electromagnetic fraction,
flavour, ... will not discuss here

+ |nitial assumption on JEC uncertainty: CMS Calorimeter: 10%
ATLAS IAr Calo: 7%

CMS Calo&Tracks: 5%
Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 21
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Motivation

The observed cross section is higher
than the true one due to the falling shape
of the spectrum and the finite p_ resolution.

More events migrate into a bin of 0.8

measured p, than out of it.

Resolution Unsmearing Steps

O

1.2

1.1

0.00<]|y|<0.55
0.55<]y|<1.10 incl. k; D=0.6
1.10<|y|<1.70 VS=10 TeV

1.0

0.9

Unsmearing Correction Factor

0.7

Unsmearing steps:

Analytical expression of the p_ resolution ) R(pt, pr) =

Ansatz function with free parameters to be

determined by the data

Fitting the data with the Ansatz function

smeared with p_resolution.

Unsmearing correction calculated bin by

bin.
Klaus Rabbertz

0.6

[

-
q’—l\\\‘\\\‘\\H‘\\\\‘\\\\‘\\\\‘\—&—

1
jet pTIGeV

1 (Pt — p1)’*
2no(py) ¥ [ 20%(p) ]

COs : b
mp (pr)=N-ps". (1—2 hf}’;i“)“ ) exp(—pr)

= E(pr) = [ F(prIR(ph, pr)dp

m) C\ — Join f(PT)dPT

 Join F(pr)dpT

Lauterbad, Germany, 03.08.2010
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Modified Particle Jets/Particle Jets

= Artificially smear jets by Gaussian with an arbitrary

_| I I I I I | |
2.0 —+— 0.00<|y|<0.55 —
- incl.k; D=0.6 e 0.55<|y|<1.10 | -
18 st 1.10<]y|<1.70 | -
. Ns=10TeV 7
1.6 5
1.4— -
12 T o
- Sl s
1.0 RRbELL 010004
- Artificial smearing, ]
%% no detector simulation B
o-s_l 1 | i

10? - 10°
jet pTIGeV

but reasonable p, dependent width.
= Apply ansatz method

+ Method corrects p, smearing effects on steeply

falling spectrum

Klaus Rabbertz

Unsmeared Modified Particle Jets/Particle Jets

Unsmearing Applied

D

Unsmearing by
“Ansatz Method”

18_‘ T T ]
- _ —— 0.00<|y|<0.55 | -
1.6: incl. kT D=0.6 o 0-55<|y|<1.10 __
B Artificially Smeared Jets | .. | 0<|y|<1 70 |
1.4 —
i Js=10 TeV ]
1ol Closure .
ok B B 1 EEEERERRRRRRRRIRMEREIEEN
0.8 {
- Atrtificial smearing, ]
06— no detector simulation 7]
0.4 Lol
102 _10°
jet pTIGeV
CTEQ-MCnet School 2010 23
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Correction for Jet Energy Resolution

Unfolding Correction
o o o
o o 9 o
~J an (@) © (@) -

0.65¢

0.65

O
o

CMS preliminary, 60 nb'I \s=7Te

120}
100

(o)}
o

L L1 | L L1 | [ ‘ L1l | L1 11 | L1 11 | [ | L1 I_ <
Uncertainty (%)
S

40
ly| < 0.5
- o 0.5<]y|<1.0 20
- - 1.0<|y|<1.5 0
F » 1.5<|y|<2.0
- . 2.0<|y|<25 -20
- s 2.5< <3.0
- \ 40
‘AntlkROSPF i 60k
20 30 100 200 1000
P, (GeV)

Incl. Jet pT: Exp. Uncertainties

IO

Dominant: Absolute jet energy scale

CMS preliminary, 60 nb'I \s=7TeV

— [_] Total uncer ly] <0.5 —
] Absolute P
................ RE|atIV9 p (+1 0) \

- P resolution (=109

ParticleFlow uses
Calo&Tracker: 5%

P A
—

e ininisisisistalilobiiririptvivtrtetr el L L L LT T P PR

—_Antl k; R=0.5 PF

20 30 100 200 1000

p. (GeV)

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 24



Incl. Jet pT: Theory Uncertainties

20

To compare ith data correct NLO for: Dominant at low pT: np. Corrections
= Multiple Parton Interactions (MPI) at high pT: PDF
-~ Hadronization & Decays (Lund, Cluster)

[ ||||| I I I I T 1
- - ly|<0.5
141 . 0.5<|y| <1
‘ . 1<|y|<1.5
- 1.5<|y| <2
. 2<|y[<2.5
. 2.5<|y|<3

o))
o

ly| < 0.5 Total uncertainty

S
o

1.3K

1.2

1.1

Theory uncertainty (%)
N
o

Non-perturbative corrections

Anti-k; R=0.5 Jets

20 30 100 200

100 200
p. (GeV) p_ (GeV)
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Incl. Jet pT: Cross Section

ki IIIIIII

Measurements mostly below QCD predictions,
compatible within uncertainties.

CMS preliminary, 60 nb1 \'s =7 TeV
;1011| T T T T 1T T T T T 171
— 1 023 [T I T T T T ‘ T T T | T T T T [ T T T T | T T T T -I- m * Iy|<0.5 (><1024)
> 102'C anti-k; jets, R=0.6 o so3ixi0m =5 (D of o 0.5<|y|<1.0 (x256)
g 19 :: J. Ldt=17 nb ", \-'.S=7 TeY | O 03<ly |08 (1x 10‘*% B 1 0 ; s 0§|y|<1 5 (X64)
B 10 "L B v oo W 08t srzxiot] S EANIN 2 1.5<]y|<2.0 (x16)
3 1015 ?_._ O t2<ly ls21 (1><103):: Q_I_1 07 B - N N A 20§Iy|<25 (X4)
10 % —e— - A 21<lyl=28(1) :: O ™M _ | p N A 25S|y|<30 (X1)
_8_ 1 013 o o ] > ) )
- 1 011 ::[ —O0— = :g‘ 105 ' \
Nb ] 09 = .- To— o Nb .
© - T e © SQes
107 = e 103 b ™00
- —a— - w SN
105 ; —=— \ ?
103F ™ —a —8— N
19‘_ —a—_ [ ] Exp. uncertainty & *
(oo ATLAS Preliminary | ——1— |  10"EAntik R=0.5 PF |
100 200 300 400 500 600 20 30 100 200 1000
p, [GeV]
P, (GeV)
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Incl. Jet pT: Data / Theory

Compatible within uncertainties!

_ antik) jets, R=06, \s=7TeV, det 17 nb™ ATLAS Prellmlnary CMS pre“n‘nnarY, 60 nb1 \e'g =7 TeV
E E Systematic uncertainties ly|<0.3 _% Z\ 1.8 B T ' L
= 2 — —®* 1 O -+ Calo ly] < 0.5 ]
& (1): ® S ——g——o —¢— _; éJ 16? o JPT _:
-~ —@— Statistical error 0.3<|y|<0.8 - N PF .
2 Statistical —+— y 4 __
P A ! = -|(—U! B _
0 i— ! = © 1.2 - ]
5 ;_ I NLO-pQCD CTEQS6.6 + Non pert. corr. _i_ 0.8<|y|<1 2_; Q 1 :_ _:
1 ;_..-. = 4& 0 8: T E
0 — | - O + | —
= TEED 061 L# g
1 W N ]
= _ I ® = - i s ]
0 | | —; 0'4: —— Theory uncertainty —_—
N3 ‘ ' 2.1<ly|<2.8" 02 [ Exp. uncertainty —p—_
1 [ —— ansatz —— 1

0 _f 0 1 I 1 e | 1 l L [ O

100 200 300 400 500 e ec%o 20 30 100 200 1000
eV

; P, (GeV)
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Previous Jets Data / Theory

ki IIIIIII

@ Comparison of jet data from 103 inclusive jet production fasthLO,

in hadron-induced processes
= STAR at RHIC | * l l | l l l i i (x 400) Vs = 200 GeV pp
+ H1 and ZEUS at HERA

* STAR 02<|y|<0.8

150 < Qi < 200 Gevz
2 200 02 300 GeV2
% CDF and DO at Tevatron 10°F 200 < 0 < 3000 GoV?
> 125 < Qi < 250 Gevz
H H 250 <Q° < 500 GeV
- Compatlble with NLO pQCD o) 500 < Q7 < 1000 GeV?2
1000 < Q° < 2000 GeV
E & ZEUS 2000 < Q% < 5000 GeV?
# B ]
~ Vs = 546 GeV
qY) © CDF 0.1<|y|<0.7
© 10 F .'
S - Vs = 630 GeV f
i (x6
i * D@ |y|<05 :
- /s = 1800 GeV " Pty
- o CDF 01 < |y| <07 o0 g QOO LIECLIEO A Rae LT O, 187
°* D@ 00<|y<05
A D@ 05<|y|<1.0
s = 1960 GeV
1 - O CDF cone algorithm } (x1)
[ 4 CDF kg algorithm
| all pQCD calculations using NLOJET++ with fastNLO:
@(M,)=0.118 | CTEQE.IMPDFs | . =u=pry
NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)
| | | || | | | | | | I | | | | | I | |
2 3
10 10 10
pr (GeVic)
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Simulation: Contact Interactions

&

k., D=0.6, 10 TeV Comparison with Contact Interactions
; 1 U? I | T 1 | I T | I T | T 1 | T 1 | I T T i 8 I l l | I I l | I I ! | ! I I | l I I | l I I
[0)] —e—— PYTHIA QCD E @] | —e— PYTHIA QCD + Contact (A = 3 TeV) ]
Q Experimental Uncertainty E < 1 O e Experimental Uncertainty —— ]
£ N N PYTHIA QCD + Contact (\ =3 TeV) 3 T _ Theoretical Uncertainty -
— -
%H.J 0 pQCD(NLO) E E ] _
Q LHC reach h - _J._ -
‘E >2 x 600 GeV 3 g | CMS preliminary ‘ |
‘o 10° with 10/pb at ] H‘é 5| Kk D=06 | Contact Interaction
10 Tev S | Ns=10TeV T4 q
CMS preliminary o, ] © _+_ / %
ky D=0.6 + >N gz _ J.Ldt=10pb'1 4
10 5 \s=10TeV ++ = = T q q
T g
det:pr" = 2
: s |
10_1 1 | ||y||q|‘0|5ll‘5| |* L1 1 | L1 1 | L1 1 L 1 LI‘: o e v b b |
200 400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
jetp, (GeV) jetp. (GeV)

Tevatron limit ~600 GeV

LHC ICHEP ~600 GeV CMS PAS QCD-08-001
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Dijet Mass

Compatible within uncertainties!

Cross Section 17 I nb Data / Theory

— 1 018 - | I — T = E.. _ T I I T T

% 10" = ATLAS Preliminary 49 40: ATLAS Preliminary °

Q_ 15 antik; jets, R=0.6 ——21<ly| <28 (x1e8) |  C 35 antik, jets, R=0.6 » 21<ly| <28 (+20) 7]

a9 10 ~ [La=t7nbiNs=TTev 5. Yl <21 (x1e8) | t ~ [Lat=A7nb i Ns=TTeV  y 12<ly| <21 (+15) ]

I_l><‘| 01 3 Total syst. unc. —— 08<ly| <12 (x1ed) | .,(E 30— Total syst. unc. a 08<lyl <12 (+10) —

£ — BN pach 1 == 03<h,<08 (x1e2) o S - NLo pacD o, M 0% Whg <08 ) .

% 1 0”_— . g e —e— 00<ly[ <03 (x1e0) = 25:— . P o o 00<lyl <03 (+0) —

2 — — B ) " E

& 10~ — LS 20— et

- o _ - ]

% 1 07 _ = -e-_& i— - = -

g B -‘-"-* :F?; | 15__ e ]

© 5 — ‘ - -

10° R =‘F=‘="-4="4‘ = 10— - .

m_— _E-‘—E_E,_ = B ]

10° = e _g § 5o E

10=- o S B S SE. - -

-1 0'1 i | | ﬂ | | I_ Oj | | | | ‘ ?
2x107 10°  2x10° 2x10? 100 2x10°

m,, [GeV] m,, [GeV]
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Dijet Mass Bump Hunt

'/ New Physics
No bumps found so far!
2 S=7 TeV, [Ldt=296 nb' | < 1077 IS S
) ‘104: \EI) ’J. = [4)) E \§=7TeV E
o * Data E S 10° anti-k, R=0.7 CaloJets
B _‘ g’l*t(soO) ] “_g_ M. > 354 GeV
.103 g_ q*(800) —g - 1 02 A | ]']1, ]']2 | <1.3 _:
- —+— q*(1200) . & - —e— Data(L=120nb") E
X i PDF: MRST2007 Modified LO ] Q - QCD Pythia + CMS simulation -
107 ATLAS Preliminary 1 g 10= [ 1o cEsuncerany 3
: - 1o 120/ nb _
10 = - .
i : 107 = E
1= '—L — - o .
- 296 / nb - - 102 = CMS Preliminary . -
- = =
P ‘ P L P ‘ P | | ‘ | Ml I [
500 1000 ‘]500 '3 | ‘ | | | | | | | | | | | | | |
10" 7500 1000 1500 2000

Reconstructed m’ [GeV] DiJet Mass (GeV)
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@ Measurements so far: Absolute jet cross sections

Reduction of Uncertainties 1

IO

% Inclusive jet pT or dijet mass cross sections:

- Most complicated, require all uncertainties to be under control!
@ Reduction strategy 1: Jet cross section ratios

% Dijet mass cross section ratios in rapidity —> new physics ?

+ J-jet to 2-jet cross section ratio —— strong coupling a_

- Many uncertainties cancelled (luminosity, ...) or reduced (JES, ...)

n-ratio =

v

\

Both leading jets
in specific
n region

Klaus Rabbertz

N(|11,2/<0.5)
N(0.5<|m 2|<1)

) ~ strong coupling a_

-
-
-
-
-
-
-
—-_—
-
-
-
-
-
o -

jet3

dijet mass
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Dijet Centrality Ratio

ik IO

No deviations from QCD observed!

N (7141 <0.5) R_ N(|n| < 0.7)
n-ratio = giTn 1) — _ NOT<In[<13)
@) 25 IR Y O A B B I |.| [T 1 1|72| [T T T T 711 co_ 1 .5 N lCMS Preliminalry | |
'..c:U i o i \\7 L \'s=7TeV i
DF i ATLAE Pre“mmary | = _ |+ Data 120 nb™’ (M<838 GeV) .
=20 \'s=7 TeV — v || NLO | |
B 7 N~ —— NLO+Non-Pert. Correction
i | 8 - | NLO Uncertainty =
-+ Data det=61 nb” - = 4 | PYTHIAG _
1.9 B =~ — PYTHIA6 x NLO/LO
-— Pythia QCD LO ! ~ T |
- - o _ i
- - Vv
1.0_— ® 7] E - - .
I ol n ] A S R m— .
— T | s = = —— SO DR e S
0.5 | i | ¢ - 0.5 T4 l
i | ] i ‘ 1
0.0_| I RS B S R R SR R R R B A B |_ | L ' ' l ' L L ‘l L ' ' _lT_
200 300 400 500 600 700 800 200 400 600 800

Dijet Invariant Mass (GeV) Dijet Mass (GeV)
Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 33




Reduction of Uncertainties 2

R

@ Reduction strategy 2: Jet angular measurements

<% Dijet chi distribution — new physics ?
% Dijet azimuthal decorrelation — deviations from QCD radiation ?
- Reduced sensitivity to jet energy scale (JES) or resolution (JER)
@ In addition: Normalized distributions

%+ Eventshapes —> Test of QCD, MC tuning

-+ Less sensitive to JES, not dependent on luminosity

koA
;,3? 014 F Rutherford Scattering
lg _'._ e, 54 B
= 0.12 T semeem New Physics
L 01| Y

008 B% %

006 | ~---Emanllll

i laan i o | |

X _ exp(‘n _ ]7 D _ 1_{_‘ Cos((;i)|2 4 6 8 10 12 14 16
L= 121 = T cos(d) Kaj =Py, D :
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Int. Luminosity 17 / nb

d°c/dydm__[pb/GeV]

12

10*

— —
—
Ocr)\)om

—h

SR
il
II
1
SR
|
j

_L_L
O o
no N

R

Dijet Chi 1

Compatible with QCD!

ATLAS Prelimin
anti-k, jets, R=0.6
~ [Lat=17 nb, \s=7 Tev

Total syst. unc.

. NLO pQCD + non-pert.

H}'”I T

T T T ‘ % 2" 20

ary - O
4 Q@
—e— 340<m,, <520 GeV (x 1e2) 3 ﬁ

—5— 520<m,, <800 GeV (x1el) | i

—— 08 <m, <12TeV (c1e0) 3 .,‘E 15—
- © i
1 0O -

|
|
{

— ATLAS Preliminary
- anti-kl jets, R=0.6
- jL dt=17 nb™, \s=7 TeV

Total syst. unc.

. NLO pQCD + non-pert.

e 340<m,,<520GeV (+10)

m 520 <m,,<800GeV (+5)

A 08 <m,< 1.2TeV

'l
I

L1l

]

Klaus Rabbertz

(+0)

X
Lauterbad, Germany, 03.08.2010
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Dijet Chi 2

> threefold increase in int. Lumi Still no deviations from QCD observed!

520 < M,/ GeV < 680

430 < M,/ GeV < 600

R 0_1:| I T 1 | I T T T | I T T 1 | I T T 1 | I T T T | I T T T | I |J
A% - = 012
£0.09¢ \'s=7 TeV = - CMS Preliminary
C o2 = o
N - - O - \'s = eV
o — PythiaQCDLO  — i
0.061- S o.08f +
0.05[s :
- 0.06—-{ +
004ty : 1
0.03;—f -+ : 0.04|-
0.02- 1 ) 023_ 430 < M, [GeV] < 600
0.0 ATLAS Preliminary [ NLO x NP-corr. & uncertainty
C 11 1 1 | I I | | I I | I I | | | | | | | [ »
L U R R L s B B S
_ v X ..
X=€ dijet
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Duet Azimuthal Decorrelation

& IO

Dijets in pp colllsmns:

A dijet=1m —
Exactly two jets, no further radiation

A dijet small deviations from T —
Additional soft radiation outside the jets

Ag dijet as small as 211/3 —
One additional high-pT jet

Ao dijet small — no limit —
Multiple additional hard jets in the event
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Dijet Azimuthal Decorrelation

ke

Data well described by Pythia or Herwig++, less so by MadGraph

@ B - s - ] - S
- 9% - ppeNs=7TeV 2 ppeVs=7TeV;L=72nb";|y/<1.1
|3 - o pI'™>200 GeV (x10°) P ~ 5165, Herwigis (GEN-SNIF) pli# > 200 Ge
© 2L max 2 & S 1.4F « Pythia6-(GEN-SMR)
-2 10°E » 120< p7™ < 200 GeV (x10%) A T 3 125+ MadGraph (censwm)
- o 90< p?‘"" <120 GeV (x10) 3,..:ff§‘"* ~Z  {5--0 Uncettainty o T ﬁ_*
— S - . . e
" o 70<pl¥*< 90 GeV é g '—'& , 08 - CMS Preliminary | i
= :A‘_‘ : | 1 | 1 1
e - 1 ™ S 1.6: 120< pM¥* <200 GeV--|
- L=72nb .#‘ 1.4E \
— .'?3‘_' ; TFE Y Y v
-yl < 1.1 ) AJ;;.—‘T‘-’“" B 1.2 t S
2> o g E — ® o é__ ¥ _ .
1= d}.ﬁ_&_ o 15 ?_ 3 T ryr St
- - 0.8F
- —r‘g— F ,-‘ﬂ"‘ = I | ! I
B —3 ﬁ‘_&ﬂ:.& oo ::2; i 90 < p?a* <120-Ge
-1 ° AL
10 = iy {F—»QJQQ 1 2: ¢ b l V|’ I .
- e - S e e S A A A S
- Y e 1E I w—r———— e
~ E ,'_.Q-'_‘_ *O:;D— 0 8— T | l_ ®
— L O
102 77" CMS Preliminary = 1 |
= P 1.6F 70-<pT* <90 Ge
- e Herwig++ (GEN-SMR) 14k | T
i e . Pythi - "oF S |
103 «  MadGraph (GEN-SMR) 1E _7____f1._!}1 +_*7._¢_’_. =
— | | 0-8: ® | |
/2 21/3 5n/6 T /2 21/3 51/6
A
(‘Odiiet
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Event Shapes

Definition:
Transverse global Thrust

Similar as Event Shapes in T

+ - — Zi ‘pJ—II ﬁT|
e*e and ep I, = max
-+ In praxis, need to restrict rapidity i 2iP L,

range: [n| <1.3 —
Transverse central thrust

-
+~ Less sensitive to JES & JER
uncertainty
* No luminosity uncertainty linear ~ dijet spherical ~ multijet
= Useful for MC tuning
T—0 T —2/m

Redefinetoget T, =1—1, o —0 inLO dijet case
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Event Shapes

R

@ Dijet case: @ Multijet case:
+ Good description by Pythia6, Herwig++ * Pythia6, Herwig++ still ok
% Alpgen & MadGraph off as well as % Alpgen & MadGraph better
Pythia8
_\II‘I\||\||‘|||||||‘||\|\_ _|||||||‘||||||||||||||||\_
0.25 anti-k;, R=0.5, p_ >60 GeV/c — _ anti-k;, R=0.5, p ;760 GeV/c i
~ CaloJets p_>30 GeVl/c, |n|<1. - 0.5 - CaloJets p_>30 GeV/c,n|<1.3 _:
= Pythia6 _ ~ = Pythia6 yorrmg
o) 0.20r ... Pythia8 T — - o 0.4 e Pythia8 %
o I Herwig-++ S . Y 1 e L s Herwig++ | 1
(o - MadGraph+Pythiaé —I i 18 N MadGraph+Pythia6 — ]
% 0.15 ... Alpgen+Pythia6 i—'—i ""l - o 0.3 ==~ Alpgen+Pythia6 :'T" -
> e Data I ’ % -+ Data | -
1—-?2 0.10— _‘_| ——Z 02— E.':'.E.:'.Ee | =
- : _I . B CMS preliminary 2010 : 7
- o et ] - \1§=7Tev,r|_ 78 nb" B o
0.05— """ CMS preliminary 2010 'TI ] 0.1 r‘" ]
B \E:?Tev,rL =78nb" My - N i
oL B 0.0+ bimimemmt- dolea M' T B
0007/~ =8 6 4 =2 20 8 6 A4 2
logt Og'c 1.C
J_,C
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First Light

DI,

QCD Compton
q AVAVAVAVANY
g T ———==
jet

Annihilation

q AVAVAVAVAN'

q OO0 —=r=

& jet

See lectures from Jeff Owens
Lauterbad, Germany, 03.08.2010

Klaus Rabbertz
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Expectations

R <

@ Prompt photon measurements T oL = ST
provide: 5 — JETPHOX NLO
8 i — I Statistical uncertainty -
+ Testof QCD = 10'E - PDF uncertainty =
+ Another handle on gluon PDF W | — Scale uncertainty ]
“‘6 - — ]
%+ Background knowledge for Higgs,® 10°- =
SUSY, etc. searches : .
10°E =
. o ; —_— ;
What counts as prompt photon* - | | | |_. i
% Direct photons, previous slide 20 40 60 80 100
+ NLO: Photons radiated off quarks Er(y) [GeV]
(fragmentation photon) ? Settings: E. > 10 GeV

Isolation: E_(parton, AR < 0.4) <5 GeV
ATLAS ECAL: |n| <1.37;1.52<|n| < 2.37

#+ Need to define isolation criterion!
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SC /5 GeV

10

—
e
N

DATA /MC

0
0

R

Isolation definition

q

Background from decays, in particular %, n —

Background from jets faking a photon

q

Photon conversions in detector material

—
— Data

] MCy real
[_] MC other

T T T T
CMS Preliminary 2010
Ns=7TeV

L=74nb’

In| < 1.4442

X ray of
CMS Pixel

All candidates

(After preselection only,

. #++++++++++ﬁ + |

+
-+
+ 5
| |“

background scaled to

‘ ‘ ‘ ‘ match yield)
50 100 150 200 250
Supercluster raw ET (GeV)

Klaus Rabbertz Lauterbad, Germany, 03.08.2010

t Fake photons dominating
by > 1 order of magnitude

Photon Difficulties

20

-40

N I‘

1 1 )' 1 1 1
%o -40 -20 0
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Refined Photon ID

Well balanced photon + jet event

Elm. Energy
CMS Experiment at LHC, CERN
Data recorded: Thu Jul 1 09:08:48 2010 CEST Had . E nergy

Run/Event: 139103 / 222480885
Typical jet: Tracks

Broad energy deposition, N—

elm. & had. energy, N

tracks N
N \

Apply 7 \
- Isolation criteria N _/ \ Well isolated, narrow
- Photon ID via shower \\Q< ' elm. energy cluster

shape (n, ¢ also /

longitudinal) Vi
A

- Recovery procedure for

R —~ No tracks ==>
tcon;_lerted photons , —— unconverted photon
o refine measuremen (Otherwise try to find

conversion vertex)
Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 44




Prompt Photon Yield

@ Strategies for isolation and photon ID in ATLAS and CMS similar but
different in the details. Recall:

Entries/5 GeV

% ATLAS: Liquid Argon sampling calorimeter

% CMS: Crystal elm. and brass/scintillating fibre had. calorimeter

- > : | ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! ! :
@ Work on cross sections 8 ol ATLAS Preliminan ]
in progress ... e ET. \s=7TeV, I Ldt -
@ N —
E 1035_ -.-.- =
ol T - - e Data 2010 (tight, isolated y) 3
ATLAS Proiminary © Tight selection, | -, (tig Y) 3
105 V§=7T9V,J.Ldt=15.8 nb’ = isolation 102 - oo —
e Data 2010 ] = -- =
104E [ Simulation (all y candidates) = q - +++ + 7
= [] Simulation (prompt y) 3
10° - 10 + -+- _E
107 - -
- . 1= *
10= =
= Prompt t C | | | 1 | | | | | | | | | | | | | | | I | | | | | |
1I‘I‘II 20 40 60 80 100 140
0O 20 30 40 50 60 70 80 90 100
E%Ius.ter [GeV] E?—IUSter [GEV]
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© www.freefoto.com

Klaus Rabbertz

Standard Candles
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W/Z Measurements

Signal Background

\ /

O =
»D%Agﬂ\

/

Acceptance

Luminosity

Efficiency

@ Uncertainties:

% AN: Purely staﬁstics; improves with integrated luminosity
+ AB, AA, Ac¢: Exp. & theor.; improves over time with better understanding

- Background, acceptance & efficiency estimations, i.a. using
MC detector simulations

% AL: Luminosity uncertainty; improves with better understanding of LHC
beam parameters and luminosity monitors
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2

\ Typical W/Z Event Selections

&

Differences in details between ATLAS and CMS depending on
detector coverage, fiducial volumes and performance

Electron channels: Muon channels:
W—ev: E; >20 - 30 GeV W—puv: Pr,> 20 GeV
In,|<2.4-25 In|<2.0-25
MET > 25 — 30 GeV MET > 25 — 30 GeV
M. > 40 GeV M. > 40 GeV

Veto 2" e from Z Veto 2" u from Z

Z—pp: p;,>15-20 GeV
In|<2.0-2.5
60-70<M <110 - 120 GeV

Z—ee: ET,e >15-20 GeV
In|<2.4-2.5
60-70<M_ <110 - 120 GeV

Lepton isolation: Radii in (n,®) of 0.3 to 0.5 are imposed
Lepton ID: Criteria might be looser for p compared to e and for Z—Il compared to W—lv

Lepton Pairs: Opposite charges required

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 48




W Transverse Mass

ATLAS: W — ev CMS: W — pv
T T T | T I I | T T I | I I I | T I I | I I T _] 1500MS pre"minary 2010 \Ilg = 7 Tev
? ~ ATLAS Preliminary - %J T e
O i ; —— Data 2010 (Vs =7 TeV ) | O) -e-data J.L dt = 198 nb’
2 7 J.L= 18.9nb" Juwoa 1 o [CIW > pv 1
n 107 - g I EWK
2 [ Joco & maco }
s 0 [ Jwow € 100
I o |
0 ME_ > 25 GeV >
B~
: i 3
I ) &
1T '|_L E =
_H | | | l l |_‘|_|[:| l l | | l l l I_
0 20 40 60 80 100 120 0
0O 20 40 60 80 100 120
m [GeV] M- [GeV]

mr = \/2p€1p{1(1 — cos(¢! — ¢”))  Using missing E. instead of neutrino

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 49




Z Mass Distributions

IO

ATLAS: Z — ee CMS:Z — pp
B/ CMS preliminary 2010 \'s =7 TeV
> | -—Data 2010 Ns = 7 TeV) . % 1024 o e b i
g 30;—|:|Z+ee - g J‘L dt = 198 nb" ;
8 25 ATLAS J.L=219 b’ . @ 1% ~-data E
5 Preliminary : 1 *GEJ' - [JZ—up :
i + E N - .

- N = - i tt §
15/ SR Jis=s :
i i -‘310'134 E
5__ E 107 |

4@ 102
¥ 70 80 90 100 110 120 50 100 150 200

M [GeV] Mu™ W) [GeV]
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Inclusive W/Z Production

CMS Cross Sections,

L =198/ nb 6.15 4 0.29 nb [INNLO FEWZ W: ~8-9% Precision
LTI( pp = WT+ X - utv+X) = 57540.26(stat.) £ 0.36(syst.) + 0.63(lumi.) nb,
clpp = W'+ X —e"v+X) = 5184 0.26(stat.) = 0.42(syst.) & 0.57(lumi.) nb,
clpp = W' +X — v+ X) = 550+ 0.18(stat.) 4 0.29(syst.) 4 0.61(lumi.) nb.
4.29 + 0.23 nb | NNLO FEWZ
clpp =W+ X — v+ X) = 339+0.15(stat.) + 0.21(syst.) + 0.37(lumi.) nb,
clpp =W+ X —-e v+ X) = 4.13+0.24(stat.) £0.34(syst.) £ 0.45(lumi.) nb,
clpp =W+ X —= v+ X) = 3.60+0.13(stat.) + 0.19(syst.) £+ 0.40(lumi.) nb.
|0 97 + 0.04 nb| NNLO FEWZ Z: ~12% Precision
oclpp = Z(y )+ X — upu~ +X) 0.88170 (0% (stat.) T a3 (syst.) & 0.097(lumi.) nb,
olpp — Z(7) + X —eTe” +X) = 08847018 (stat.) T 1rs(syst.) & 0.097(lumi.) nb,
o(pp — Z(v)+ X — 0707 +X) = 088270077 (stat.) ") e (syst.) = 0.097(lumi.) nb.
Theory (PDF, scale): 4-5% Lumi: 11%

ATLAS Z combined, | :
L_=225/nb 10.83 £ 0.07(stat) = 0.06(syst) = 0.09(lumi)] nb

Very good agreement, need more data!
Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 o1




Inclusive W/Z Production

el (
E B T T T | T T T ‘ \I \. T ‘ T T T | T T T | T T T | T T T ‘ T ]
c | | ATLAS Preliminary W NNLO QCD (FEWZ) _
= | i
Tr 1010 Nb LT\ oL — CMS:
= 2 e ) i W+, W-and W, Z production,
= i ATLAS data 2010 N/s=7 TeV) | .
r:)r;<1 y 4 A, e, M combined
= j L=17nb' ® W'Tlv
| A Wy = ,
© 1; ! 18] T e  CMS preliminary 2010 W=h
B — iy 1 e CDFRunll W* = My
S e ® CDFW-I 1 m10° = x DoRun| € 10 nb W
B ®/0C DOW— (efu)v | x C A UA2
| « W* (pp) o UATW=Ilv i c B * UA1
....... W (pp) vy UA2W—e - W
10'1 | | | | | ‘ | | ‘ | | | | | | | | | | | | | | | ‘ | — Z — I+I-
0 2 4 6 8 10 12 14 pp
3
\'s [TeV] 10
4

ATLAS:
W+, W- and W production,
e, M combined 10°

Theory: FEWZ and MSTW08 NNLO PDFs

CMS points do not include luminosily uncertainties.
1 | 1 1 1 1 1 1 1 1 I

1

Collidé‘roenergy (TeV)
Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 92




ATLAS Z Cross Sections

Inclusive Z Production

DI

Z production e, y separate

= - ATLAS Preliminary NNLO QCD (FEWZ) -
— i ]
-k?,.. 1= =
~ — Py _ —
N - 22 ATLAS data 2010 §/s=7 TeV) ]
N
— B ® Z/y'—see (B6<m <116 GeV) B
m B JL=225 nb” e N
% | O ZIy"— uu (66 < m < 116 GeV) —
g "
- B i
bl\l . ® CDFZ/y*—ee (B6<m <116 GeV)
10 y ® DOZ/y*>ee (70<m <110 GeV) —
- H ® UA1Z/y*—>ee (m >70GeV) a
ok L ZIy* (pP) O UA1Z/v*— uu (mw > 50 GeV) B
| - ZIy* (pp) v UA2Z/y*—ee (m_>76 GeV) .
| | | | ] | ] | | | | | | | | |
0 2 4 6 8 10 12 14
\'s [TeV]

Klaus Rabbertz
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Ratios, W plus Jets

CMS: W/ Z Ratio W-—ev, uv + Njets distribution

CMS preliminary 2010 's=7TeV
c(W)  Nwez Ay L MSprelimnan20to  Ne=TTe
— O 103k _
(T(Z(’)/*)) Nz ew Aw @ 10 i J'Ldt=198nb'1
o)

. . -y —®— data =
A’Ftentlon. o _ I ] W ev,uv (MadGraph)
Different efficiencies, acceptances T 102k I Ewk |

g.) - I QCD + y+jet 3
+0.99 0.65 @
10.46 (53 (stat.) "g5e (syst.) =
Theory: 10.74 £ 0.04 &
&
>
c
Reduced syst. exp. uncertainties also in -
W+ /W-or _ _ 0 20 40 60 80 100
boson + N jets/ (N+1) jets ratios leading jet E_ [GeV]
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To the Top

b-jet

p —
>STe% g
— % o t
V e < p
- X re
- W__ t . o) <—

See also lectures from Wolfgang Wagner
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Top Analyses at ICHEP

R

@ Not enough luminosity yet! LJ3LJ2LJS  LJ4
+ Solidify analyses u 1 e + jets
+ Look for good candidates in 30.14;— ' ' ' ' ]
dilepton (ee,ep,pup) and lepton+jets 0.12F AT’-ﬁS Pfé"mi“aw
(ej,”]) channels > - Simulation
-'OC: 0-1__ etjets -
% Check background description > of Ot ]
g P 2008 maco .
“ 4558 Profminany TR R TR R R R C M single t ]
S E_%M néb'l? t:;liqnll 7 Tev - = 50061 W Zujets E
o 4F ﬂ ] BT W+jets
o - . -W wlw . . EO 04_ -’ ]
Q 35F etjets & — al:
; 3 — IJ o= jets 271 QCDiy+jets uncertainty 002_— —
T - 3 B i
o 25F = 0 | | —
TR . ] 0 100 200 300 400 500
1_53_ E R m;(highest p_)[GeV]
1E &
0.5E- g
'DE Top candidate events: ATLAS: 2+7 =9
0

50 100 150 200 250 300 350 400 450 500 : . ] _
M3 [GeV/c? (dilepton & lepton+jets) CMS: 2+3 =5
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Top Pair Candidate in uu
Channel

ik IO

@ Event passes full
: ( ‘MS._~ | CMS Experiment at LHC, CERN
selection: "~ | Data recorded: Sun Jul 18 11:1382°2010 CEST

/| Run/Event: 140379 / 136650665
f—*—wx | Lumi section: 160

% Two muons with

i Fr =57 GeV/c, @ =2.2
opposite charge

b-tagged jet

+ Two jets with clear b P E TR <0

tags & secondary
vertices

<+ Significant missing ET
(> 50 GeV)

<+ Preliminarily u*pr=57 GeV/c,n=-1.4, @ = -2.1
reconstructed mass in
160 — 220 GeV range

b-tagged jet

< \‘ ‘\'
-€

M* pr=27 GeV/c, N = -2.0, @ = -1.9

Dimuon mass 26 GeV/c

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 o7



ar=lal

alaar=11s

electron pr = 55.2 GeV

electron py = 40.6 GeV N Cate: 2010.05.24 164163 CEST
EMSS = 42 4 GeV/

3 jets with p+ > 20 GeV

-1 b-tagged jet

H, =271 GeV

I R
/ B

[ I .
=
j -
- - m
L] & -

_ 55 ET (GeV)
| 45
| 35
| 25

BE




\ Boosted Tops

i I

@ Example analysis looking for top jets with p_ of >= 600 GeV in signal
sample Z' — ttbar — hadr. with M. =2 TeV vs. QCD jets at similar p_.

@ Use Cambridge/Aachen algorithm to resolve subjets, R =0.8
@ Gain stat. from = 68%
of hadr. W decays
@ Efficiency for top jets:

46%
@ Reject non-top jets:
98% .
@ Example has 800 GeV

Kaplan et al., PRL101, 2008
CMS PAS JME-09-001

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010 29




Outlook

What will we learn from LHC?

LHC is a superb laboratory to investigate jet and weak boson
production

The first top's have been sighted this side of the Atlantic
After four months we start beating Tevatron limits
Unknown territory is explored in the Standard Model ...

and beyond ?

Klaus Rabbertz Lauterbad, Germany, 03.08.2010 CTEQ-MCnet School 2010
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Backups
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MC Event Generation Steps

Proton Remnants

\

T — I—— g »
| . —— i e
Q —_—— - O -I-I-':| et e ————
/ g N E w g’ _9 .E K+ % —
O it c Q - ] _b
< = 52 - © T n £
pdf, ne’-sH c & D= Y P
2-2 scattering cz2® o T S¢ n -
C o @0 t o S 0 U o)
£t " £0 O = -
© a2 - o
o Lo 2
-~ @
| I ()
Hard Partons
Partonic Hadronic Detector
LO QCD Description Final Final Hits
State State
A. Oehler
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Jet Cross Section

- Decomposition
Tevatron, 1.96 TeV LHC, 14 TeV

S

o 5
-] i (7) q;9; — jets 1 3
< - 1 2
Dt ~
< 1 <
O 1 O
5 075 4 5 075
2 1 2
= 2
= 1 €
4 O
S 1 8
S 05 48 05
@ | ®
- -
0.25 — 0.25 — . _
| (1) gg — jets | (1) gg — jets 1
| fastNLO | | fastNLO |
Tevatron scenario 0.1 <|y|<0.7 _ - LHC scenario 0.00 < |y| <0.75 ]
0 1 1 oo | | I ! 0 1 1 1 Lol I 1 L
-1 -2 -1
10 10 10
XT xT
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Particle Flow Concept

v
~10% L HCAL =
e Clusters
hadron @ : A o, W detector
- r s
" O
6]
i ECAL

— .
crases | Qamde-ﬂow m
~65%

Associate particle types to all measurements,
apply type-dependent corrections
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Relative Jet Corrections

R

® Response rapidity dependence is extracted from dijet asymmetry M. Voutilainen, ICHEP2010

® Residual correction is applied for inclusive jets, other studies are covered by
the systematic uncertainty band of 2% times unit of rapidity

Jet correction = Absolute(pr) [MC] x Relahve(n) [MC+da1'a]

CO’ _ ‘5 : JME-10-008 -
esidual Correction Applied

B —e— 37 <dijet p> <60 GeV
- _5_6{]‘:diietp_;'°'¢75(-}e\! .
| +?5-:diietp$”'¢.1206&\.-‘

—x— 120 < dijet p?’" <150 GeV

| [_] Uncertainty

Corrected CaloJets

-
L
I

1.4~ —e— 37 <dijet p>' < 60 GeV B
- _o B0 <dijet pj‘" <75 GeV .
—& 75 < dijet pj"' <120 GeV

—»— 120 < dijet pf" <150 GeV

[ ] Uncertainty

1.2 -

Data / Simulation
o
[
I

Data / Simulation

¢

CMS Preliminary

| 1 | 1 | 1 1 | 1 | | 1 | 1 | | 1 1 | | | | 1 | | | | | | 1 | | 1 | 1 1 | 1 | | 1 | | | | 1 1 |
0.8, i 5 3 4 5 0.8, 1 > 3 4 5

Inl Inl
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Jet calibration:

Jet Calibration and Uncertainty

T. Carli, ICHEP2010

Simple PTjet and y dependent correction applied to measured jets at the electro-magnetic scale.

Using particle level (truth ) from Monte Carlo simulation as reference.

Jet energy scale uncertainty:

Evaluated using MC using various detector configurations, hadronic shower and physics models
Based on large test-beam experience.

In-situ measurements:

1) Using Di-jet balance to
transport uncertainty
central -> forward

2) Additional uncertainty
for pile-up from average
tower energy per vertex

3) Cross-checked with
single isolated hadron
response measurement

(Ecalo/ptrack)

Uncertainty via:

deconvolution of jets
in indi\lidllol Nnartirlac

Relative JES Systematic Uncertainty

0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

Example:

AntiK, R=0.6, 0<n|<0.3, Monte Carlo QCD jets

® Underlying event (PYTHIA, Perugia0)
A ALPGEN, Herwig, Jimmy
[ ] Additional Dead Material
v Noise Thresholds
JES calibration non-closure
I —

O Fragmentation (PYTHIA, Professor)
Fa¥ Shifted Beam Spot
O Hadronic Shower Model

LAr/Tile Absolute EM Scale

I:I Total JES Uncertainty

ATLAS Preliminary

.
:
o
:
£
|
-Ep-llll III|III|III|III|III|III-

ol
1

20

g T Ey v Em ¥ ¥
2x107 . 10°
P [GeV]

'vJ

Jet energy scale uncertainty smaller than 7% for ptjet>100 GeV



Absolute Correction
(Simulation Result)

CMS detector simulation, calorimeter towers, E_, . = 10 TeV

Derived correction at the example

Comparison of jet responses of Z(—pp) + 1jet

N 1_ [ - T 1 I | T 1T 1 | 11 I I T 1 T 171
T B + - - B |
P:_{__D:l_ - +Z(% e+e_) + ]'Et ' % 2 ol cMs Preliminary —
"hl - 09__ *Z(ﬁ H M ) * let l c E I i]f Z(—pp)+jet p_ correction for SISCone 0.5 i
C”L - 47 + Jet : (lﬂ""ﬂ O [} T ' i
O 08:— F;/T/l l J | 2_0__ StatlstlcaluncertalntyforJL=1fb __
;(,:q : A ,,-1 | B i
3 0.7 - 4 -
7 ; 1.8_— % —_
E]CJ 0.6:_ i * i
- CMS Preliminary 1.6 t .
0. 5 L A B ¥ 7
_ z Ldt = 100 pb - k .
- I’l i t . |
04 - 1.4 3 . 7
N - + "IE
03 2IO lll l‘IIéO 260 | III i Lo o b v b e b |
wz 1'20 50 100 150 20[,},1 , G \2;?[5
= [GeVie
CMS PAS JME-09-005 l:)T (GeV/C) CMS PAS JME-09-009 i
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Jet Energy Resolution

: /s=7 TeV L=73 nb" CMS prelimi
Jet energy resolution (JER): NSl e En WS preliminary.

- Can be measured from data using

CaloJets (Anti-k_ R=0.5)

Asymmetry Method used: 03 0<nj<14
For dijet events: g T
jetl _ _ jet2 o v —e— Asymmetry (MC)
A = (pT P1 ) =S % — \/EO'A \C/?-'_ 0.2 o —=— Asymmetry (data)
(pjetl + pjet2) - pT
T T

Used at Tevatron.

- Comparison using MC information
(matched jets) gives consistent
results

T 20F | ! =

o] 10 Es E

=3 b e =

25 10 B =

E _20 ; | | | | | | | | | | | | | Iii
50 100 200 300 400 1000

pT [GeV]

CMS PAS JME-10-003
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Parton Density Experience

Explained by change in gluon density
which then can be constrained by jets!

“The data are compared with QCD predictions for
various sets of parton distribution functions.

The cross section for jets with E.>200 GeV is Today:
significantly higher than current predictions based on Much better estimates of PDF
O(a.’) perturbative QCD calculations. ...” uncertainties

But beware ...

o 150
—~~ <o - = w0t
© = . Te) | ——— T T T T T 1
S & |- CDF 1996 0 '
o = 12 o | fastNLO ]
~ 5 -
— S B L incl. k, D=0.6 L
N~ 3 100 - - 1.2 —
N - O 0.00 < |y| < 0.55
2 s = Ees - i
y i g . B
> [ —
5 50 [ Nlo Lo T s o
" o e :
= 27 ey SETEE R T NN S P S g 1 L - a
= Fe e L < ~——
ol T o AL B £ n_l i S T
Srer sk z - —— CTEQ6.6 - -
25 - e CDF ~—— CTEQ 2M 6_— i MSTW200890CL |
- MRSA - CTEQ ZML ) - - - HERAPDFO.1
50 -_ - MRSG Nb 0 8 T GJROBFF —
[~ - ) NNPDF1.0-100
F 7 Jrrrig L //////// // I |
o // /1/1111 of c/(;l/“ﬁz/{lte d systematic uncertaintie / [ 1 CTEQ65 PDF uncertainty
//////////////////////////////////////////////////// / L ‘ | L
-100 T o a TR | 2 3
' :.u wu 150 200 250 300 350 150 10 10
tT E GeV
Jet Transverse Energy ( eV) pT/GeV
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Expectations

W7Z Signal & Background

Channel (%X By)  €fier New (x10°) Z(pb 1) Electron channels
W — ev 20510 pb  0.63 140 [
y/Z — ee.\/§ > 60 GeV 2015pb  0.86 399 230
y/Z — ee,\/S < 60 GeV 9220 pb  0.022 197 969
W — tv; 20510 pb  0.20 32 8
Z— 1T 2015pb  0.05 13 129
1 833pb  0.54 382 850
Inclusive jets (pr >6 GeV) 70 mb 0.058 2480 0.0006
Inclusive jets (pr >17 GeV) 2333 ub  0.09 3725 0.02
WW— (ev)(ev) 1.275 pb L. 20 15608
77 14.8 pb L. 43 2922
W7 294pb 1. >0 1699 ATLAS, CERN-OPEN-2008-020
Channel o(x By) Efilter Ny (X 10°) & (pb_'}
W — uv 20510 pb 0.69 190 13
v/Z — up, Vs >60GeV 2015 pb 0.89 446 249
W — v, 20510 pb 0.20 32 8
Z— 1T 2015 pb 0.05 13 129
1 833 pb 0.54 382 850
bb — u+X 766 ub 2.1 x 1074 110 0.67
Muon channels bh — uu +X 25ub  1.6x 1074 140 35

Klaus Rabbertz

Lauterbad, Germany, 03.08.2010

CTEQ-MCnet School 2010
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The ATLAS Detector

Inner Detector (ID) tracker:

2 Si plxel and Strip + Muon Detectors Electromagnetic Calorimeters
transition rad. tracker AN 1\
- U(d[}) = 15Hm@2DGEV P 4 \".\__ ‘\_\ Bl Forward (Ealorimeters
* 0/pr=0.05%pr ® 1% p { 1 End Cap Toroid
Calorimeter y
« Liquid Ar EM Cal, Tile
Had.Cal
+  EM: 0¢/E = 10%/E &
0.7%
*  Had: o/E = 50%/E &
3%

Muon spectrometer

. Drift tubes, cathode

strips: precision tracking
+

« RPC, TGC: triggering
«  olpr=2-T%

Magnets

« Solenoid (ID) — 2T

«  Airtoroids (muon) — up

i Inner Detector ' ) ’ o
to 4T Barrel Toroid lindioiiciiiihnias Shielding

Full coverage for [n|<2.5, calorimeter up to |n|<5 See also JINST 3 2008 S08003
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ﬂ The CMS Detector

Inner detector (tracker):
. Si pixel & strip tracker
. o/p, = 1-2% (u at 100 GeV)
Calorimeter:
. PbWO4 crystal ECAL,

brass/scintillator HCAL

« ELM:0/E =2.8%/NE +0.3%

J

DI o>

MUON CHAMEERS | [ INNER TRACKER | | CRYSTAL EGAL
= - i 7
|

A
HOAL

YERY FORWARD
CALORIMETER

. HAD: 0 /E = 100% /NE + 5%

Muon system:

. Drift tubes, cathode strips,
resistive plate chambers

. o/p =10 — 50% (muon alone)

_ . = 0.7 — 20% (with tracker)

Ny Magnet:

. Solenoid — 3.8T

Total Weight  : 14,500 1. R =, i
Overall d%mﬂt&r: 14.60 m / -""'"-__ :
Overall length - 2160m | SUPERCONDLCTING COIL | =

Magnetic field : 4 Tesla See also:

PTDR | LHCC-2006-001,
JINST 3 2008 S08003
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R

Electromagnetic Calorimeter

I

Barrel (EB): %%d S [ e e
- n segments: 2x85 — BHEH B R
- @ segments: 360 ]]]///////////// Z
— 61200 crystals 4 ' — _-
PbWO , 26 X AP
( 4 o R =1.29m A 657
— Anx A = I b{\q PEISPTaTa
0.0174 x 0.0174| Y N7
A Pet
Segmentation et Preshower (ES)
226 el
/,,,,,_—__::::::::::: -------- ~ 130 Endcap
Led=-="73" ECAL (EE)
c
2 Endcaps (EE):
Energy resolution from test beam: 8 |- (xy) grid on two halfs
S =2.8%, N =120 MeV, C = 0.30% S| |- front face 28 x 28 mm?
o\ 2 g\ 2 N 2 , CE,' — 2 X 2 X 3662 crystals = 14648
(E) _ (ﬁ) n (E) L C g (POWO,, 25 X )

Klaus Rabbertz
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\ Hadronic Calorimeter

HCAL (tower structure): - Forward (HF): 2.9 <|n| < 5.0 (not shown)
- Barrel (HB): In| < 1.4, 2592 towers — 2 x 864 towers (Brass,quartz fibers, = 10 A )
- Endcaps (HE): 1.3<|n|<3.0,2592 * — AnXxAp =0.111 x0.175 — 0.302 x 0.350

- Outside coil (HO): |n| < 1.26, 2160 “
— Depth (Brass abs. & plast. scint., =6 - 10 A ) CASTOR calorimeter (not shown):

— An x Ap = 0.087 x 0.087 — 0.350 x 0.175 -5.1<|n| <6.5, =22 XO, =~ 10 )\N
17
f . s . || 4.; s | 6 | 7 | & | 9 7 10 /11 ;7 12 / 13 4 7 15 16 /
N Y A // P o
16 T T S S S S S S 7 > 7 -
18 J [ i / / f ] / / A L] L]
14 1] 213 J4 s | &) 7 f 8 { o f 10 7 11/ 12 /7 13 14 15 16 L~ 19| 20
13 | I Y Y A 1 LA ] L]
12 Y S S A S S A S S T LT T
10 S S S Sy S Sy Sy sy sy P P = B =l =
5 I S S Y S S S S S v ///,,/ I S P B I
8 I R R S Y S S S A £ A 17l A 1 N 22
7 I I S S S S S A S i A ] L -
6 N N S S S SR AN S AR AT (U0 T el [ ol ol B I Sy 22| 4]
E T Y AN Y S S S S i e — e 23
4 S T A A S S S S S Z LA T | T LT | L
3 D A N S S A S S A 7 gl = R [ ey 24
: S O S Sy Ay S Ay d 4 //j:/fff T =5
1 l—
0 Y A Y A S S S S S 713 S el gl B el e B O .
MNose ﬂfﬁff | T _fﬂdi;f 25
| — _'d_____.—'—'—'_" _‘_'d_____,_.—o—'—'_'_'d_ —
- n l—] ____'_,__,—'—'—"_ ,__——'—’__'_'_PF_—'_’ '_._._._-_._._._._,_,_—-—'—'_"_'_'_F
Design energy resolution: e I e e s B R4
N o I I DR O e ey N I 0 O NS =0
(100/E + 5.0) % e o I B )
9

=1 00/D 1 2 3 4 & B 7 8 9 10 11 12 13 14+ 15 16 17
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