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e LHC opens new regime in
rates and phase space
O QCD: large phase space for

gluon emission (low-x); very
high Pt jet production

O Top: cross section factor 100
enhanced wrt Tevatron

e With the first LHC data:

O rediscover standard model at
LHC energies

O Can not claim new physics if
SMis not understood

d QCD and Top are
backgrounds to many new
physics processes

 Focus here on early
measurements (10-100 pb-1)
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@ Charged hadron multiplicity ﬂ("

- Pythia: ~ In’(s)
e Motivation: Charged hadrons + Phojet: ~ In(s) \\
0 One of the first possible ?g',:?,fﬁfg‘nﬁmw L o Neaw :
analyses!
O Large uncertainty in model
predictions for LHC!

AN Sy an gt
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. g K 2
* Technique: 10 Non-single diffractive (NSD)
O Tracks from pixel hit triplet E; ; TS
. s (GeV)
seeding § =19
Q Tracking down to pt>75 € 17
MeV! (avoid large extrapol gmﬁ 15
=0! i =
to pt 0) 0 _ -;t(' ' 0.60 < p <0.65 GeVic
R . . 400 | i
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Charged Hadron Multiplicity (cont.) ﬂ(IT
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Underlying Event

High Py Jet Production

Frank-Peter.Schilling@cern.ch

 Underlying event is everything
BUT the hard scatter Il St
0 ISR+FSR, beam remnants, Proton  —tin Proton
multiple parton interactions (MPI)
* Motivation: trmsae ot #1
Outgoing Parton % Radiation
0 Understanding of MPI @ 14 TeV o v
O Tuning of MC models RY
cr g *“Transverse” *“Transverse”
e Measurement possibility:
d Charged particle mult. / mom. _, 12
density in region transverse to ¥ | Pythia 14 TeV B Jimmy 14 TeV
leading jet (c.f. R.Field) £ | Pythia 10 TeV £ Jimmy 10 TeV
¢ | CDF : | CDF
« Expectation: E | ot g b e it
0O Activity ~2 times higherthan = | & 1Z e e Y
o B x
Tevatron | et wetstiortiirtt ol , WMH%JF|W.,+“+...+#+,.++ﬁ+*ﬁw+
'. * pradicibon -. LHC predietion
l: 10 20 30 40 50 0 (1] 20 30 40 50
Leading jet E; (GeV) Leading jet E1 (GeV)
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@ Underlying Event (cont.) IT
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@Jet Reconstruction and Calibration ﬂ(".

Jet algoritms used:

 SISCone, Kt, lterative cone
(various R,D values)

Input:
O Calorimeter towers
O (tracks and particle flow)

Jet Energy Calibration:

0 CMS: factorized multi-level correction
1. Offset correction (pileup, noise,thres.)
2. Rel. response correction in eta (dijets)

3. Abs. correction to particle level
(Z/lgamma + jet, ttbar)

Lo || 2 | | 13
Offset [ 7| Rel: M _"Abs:pT

L ATLAS: local hadron calibration

o Calibrate clusters to particle scale
(before jet algo.)

o Make jets out of calibrated clusters
0 Optional: parton corrections
o Flavour, underlying event, parton level

CMS Preliminary Fast k;, D=04
T | T | T
6000 - .
4000 ca1 0 il LS(CORR+FLY)
i Flt Mean: 177.7
| Mean: 1109:—"1\‘ o RMS: 216
|RMS :18.7 1 %, i, T
r
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@Dijet Azimuthal Decorrelations ﬂ("‘

 Distance in phi between leading and 2" jet in “dijet” events sensitive to
gluon radiation effects

e Tuning of MC models (FSR, higher order diagrams)

e ATLAS comparison between generated and reconstructed distributions:

Run 178756 Evenl 67472691 Fri Feb 27 08:34:15 2004

ET scale: 435 GaV
A dijet =1 — A dijet as small as 211/3 —
Exactly two jets, no further radiation One additional high-pT jet
’} Ag dijet small deviations from m — A dijet small — no limit —
5 Additional soft radiation outside the jets Multiple additional hard jets in the event
S~ 300 <ET MAX < 600 GeV 600 < ET MAX < 1200 GeV
e = E . Reconsiructed O!E' 10 g Reconstructed
* MC =Pythia ATLAS tune = = MG = Pythia ATLAS tune
E % 10 E
%ﬂ et
E ;— ATLAS jet sample (J5) é‘g i ;— ATLAS jet sample {J6)
a7 7 E 300 « E,max < 600 GeV i ] [ 60D < E max < 1200 GeV -
10.1 é_ Cone - R=0.7 _::.:"'I f\ 10_1 ; Cone - R=0.7 :I.::!:-I.
i - ‘ - el EE i
R=U.7 102 3 * *?;-* ) i 102 £ |I. |T+‘f %
: | -1 = | .. .
|n_Ft|¢: 0.5 i 1 TT 4 H”
Ejet#Z}BDGEV 1§.|. TI‘T I N —— 105_11____._11..__ i
100 120 140 160 180 100 120 140 160 180
D sijet Aot
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Event Shapes ﬂ_("

 Normalized event shapes robust against JES uncertainties
O Suitable for early data analysis (central region)

 Collinear and infrared safe observables
e Study multijet production, compare with MC models

Central transverse thrust Central thrust minor

Yice Pail ~ Xiec | iip) x firc]
D icePLi D iecPLi

CMS preliminary
T T T T I T T T T

T o =max ZiEC |pL,z‘. - ”T|

Tme =
np Z;’ec Pl ‘
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014 T & comected CaloJets (PYTHIA) ,’"'j_“: """" : . 0.3 o comected Calodets (PYTHIA) r-ef @ P=ny 7] —
A4 o A - - C b P -
2 - Gendets (PYTHIA) P ; + . T 0.5~ GenJets (PYTHIA) - P ] e
E’ 012 5_ ------- - Genlets (ALPGEN| H _5 %, CF - Genlets (ALPGEN] ’ =
e VN T o -] = - g P -
% F n M 3 % Y - IR
“T{DOE: ; Lo _i{ . S _F ek =
Z 006 ¥ -1 — C N~
- ] R < oaf I3 -
0.04— ek iopb? 1 - IR ] 10 ob" .
= s : 0.05F b P e
0.02F e & - . t_ .
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14 12 -10 8 -G 4 2 -7 5] -5 -4 3 1
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e Motivation

@ Inclusive Jet Cross Section

IT

310°EL

o Gendetp_
Q2
0 Early measurement “122 o . CaloJet p
A T
d Test pQCD Inanewregime 10 ‘f‘fo o Corrected CaloJet p_
O Constraints on PDFs and 1 ",
- 1 ‘1{;3@,
alpha-s . hd | Jet 0| <1
O Sensitivity to new physics 10_3 ‘**m%
(contact interactions) 10 4 “*1;3;
D 4:| LI | T T ‘ T T | LI | T T | LI |: ““;‘:;:Q%&
O_ r - o ] Ahy O
. . 3 5 |LO Calculations CMS Preliminary 7 A, B,
e Theoretical issues g o[ - o erorstortops” |
O Scale uncertainties (higher © £ | S S ] 2000 2500 3000 3500
orders) E 2.5 | PDF Err (CTEQ6.1) - Jetp_(GeV)
O b [—=—A"=3TeV E
O PDF uncertainties @1 2 —*— A" =5 Tev :
ol1.0F -
E 15_ |Jetn| < 1 E
e Experimental issues Sos T
o : u
0 Energy scale and its error +§ O e mes: i
O Resolutions from data T :
Lo b v b b b by I
O Underlying event 102 04 06 08 1\J F1).2 T 1\_;1
. . . . et e
Q Jet counting (lumi, trigger With 10pb-1: r(TeV)
and reco efficiencies) Can probe contact interactions up to 3 TeV
(main uncertainty: JES)
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Inclusive Jet Cross Section: Errors

IT

Statistics:

Evaluation of jet cross
section uncertainties “

by ATLAS

F | — 0.1 inverse o

1 inverse fb

10 inverse fio

| Statisties 0n<3 | |yged NLOJET (Z.Nagy)

e TTee—

Estimated as YN/N from NLO
cross section

=10 /fb
=~ 1 /b
= 01/fb

100/pb LHC: 2% at1 TeV

Jet Energy Scale — mo\Gev bin 30% at 2 TeV
+10% shift e width
= 5% shift —
= 1% shift 5050000 6007000 1300" 18048001809 3000
ok Energy Souie Errors | Tevatron limit 600 GeV e
§1#: B B _?:EI;
B Qi
g | Scale Uncertainty:éwi_ e e e LT
£ Byvaryingp =y, ¥ | | b
50% L ] from pT/2 to 2 pT F 5 —10% scalejuncertainty at 1TeV
border - | (in pseudurapidities]:wg_ Seu——— gt L
[ +2<|n|<3 ol o S I o e e g o e el
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e o 306 a0 abd ek 3o ~0<|n] <1 aabeee e

Pt (GelV)

PT(GeV)

Frank-Peter.Schilling@cern.ch

11



LHC will be “top factory”
O 8M ttbar events per year

(10fb-1 @ 14 TeV)

Production dominantly gluon

induced

At 10 TeV, ttbar cross section

drops by ~60%, e.g
arXiv:0804.2800:

O NLO+NLL, CTEQS6.5,

mtop=171 GeV.:

O Sigma (14 TeV) =908 +/- 83
(sc.) +/- 30 (pdf) pb

O Sigma (10 TeV) =414 +/- 40
(sc.) +/- 20 (pdf) pb

q

q

— Strong Interaction ——

t
< ~15%(87%)
N ( * ) .

Top Quark Physics

IT

Tevatron (LHC)

t

g
< ~85%(13%)

t
o~7(800) pb

t

— Electroweak Interaction —

Pair prod.

Single prod.

L]

] |

Qes2= 10000 GeVe2 :
- LY ZEUS2002~1R
-.-. down | 1
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Top Quark Physics (cont.) ﬂ("

* Inthe beginning, focus on ]

channels with leptonic W proton Wi v
decay(s) g g
O Dilepton channel / B
o Two leptons, >=2 jets, MET i I t "alljets™ 44%
O Lepton+jets channel w-

o One lepton, >=4 jets, MET

O “Easier” w.r.t. trigger, QCD
background

t+jets 15%

15%

e Top Physics Program

0 “Rediscovery” and cross section "dileptons”
at LHC energies

 Differential cross sections,

Ttbar events as commissioning

validate MC (background for tool
searches) d Understanding of most physics
Q Ttbar resonances objects required (leptons, jets,
O Properites (mass, spin, charge..) MET, b-tagging)
. O Use to constrain JES and b-tag
O Single top

efficiency
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Rediscovery: Muon+Jets ﬂ("

Simple and robust event selection
O One tightly isolated muon, Pt>30 GeV
O Atleast 4 jets, Et>65,40,40,40 GeV

No b-tagging, no MET
For 10pb-1: expect 128 / 90 signal / background events

Inv. Mass of 3 jets with highest vec.sum. Pt

- Pseudo data CMS Prelimina 10pb™ B et
CMS Preliminary @ 10pb™ B {7 (signal} ry @ B (signa)
3 D & fother) 3 i -'N-E-JEIE]
B W Jets — 30 - B 7+ Jets
g - 10° B 7+ Jets -|"-'- | =T
'E I GCD = | Qc
(1T} LLl

1P

400 500

300
Jet Multiplicity M3 [GeV/c]]
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Lepton+Jets ﬂ("

250
 ATLAS event selection for 100pb-1 © T oar meen
0 One lepton (e or mu) with Pt>20 GeV 200 [ TTar (muon comb)
D MET > 20 Gev 150 I:lE!ackground

100

O >=4 jets with Et>40,40,40,20 GeV

O W-mass constraint @
° ° N
Optlonally % 100 150 200 250 300 350 400 450 500

0 Mtop window M; [GeV]

ATLAS
50

Number of events / 10.0 GeV

OI\II|III\|\\\Illlllll\\\‘

0 B-taqaain Muon analysis
gging Sample default | W const. | m; win | W const. | W const. | W consL
i + /<1l ]|+1b-tag | +2 b-lag
QCD not included ... Signal 3274 1606 755 386 403 280
(13 H bh
comparable to W+jets Background | 1497 495 143 84 42 14
S/B 2.2 3.2 5.3 4.6 9.6 20.1
* Cross section extraction from fit to mass
. . . Frrrr T T T 200 ]
distribution > 200 78 6o E
g 2(](]:— 3 g "6;_ |:|Background (nominal) :
g F 1 5 "B [ sackground (x2)
£ 150 4 = %F ]
§ F 1 8 "°F E
& 00 g ATLAS 5 & °F E
s C Traun ] L B:— E
% s0f- - c ATLAS =
z Frp | E
0900 Te0 200 20 300 350 O340 60 B0 700 120 140 760 180 200

M; [GeV] Integrated luminosity [pb™]
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 2isolated leptons
(ee,mumu, emu),
Pt>20 GeV
0 DY veto

e MET>20/30 GeV

e >=2jets, Et> 30 GeV

e DY veto

e For 10pb-1, expec
10% stat error
combined

e |f MET, cannot be
controlled, do emu
only (stat err. 13%)

CMS Prelim

inary
|

Dilepton channel

D¥up

pLeee

10F

8
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4

B 0Yee

MCYT
wjets

zz

| [T

e

2
CMS Preliminary OVup
- I I I BCYes
C Wz=
3[]:_ W«
= e
25 it
20F N— .
F [ I ]
15F .
10 —
5 .
I] | | | | .
0 1 2 m

IT

CMS Preliminary OVup
| | | DY
BEemumu .
16 WjETE
Mz
14 Bl wz
E— W
12 | e —
10 -
8 =
— I ]
6 -
4 —]
2 —
n | | | |
0 1 2 3 Enin
CMS Preliminary OYVup
for | T | BDYee
C DY
LU R o
L Wz
Wz
80 v
t
o e :
30 r _ e _:
20 -
10 =
| | | | .
0 0 1 2 3 m
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Event selection:

Dilepton cross section

IT

(]
o
(=]
TTTT

E 3 ATLAS Oy :

Q 2 leptons, pt> 20 GeV . T

0 Jets with Et> 20 GeV . G B

‘ 5 200F Ozz 3

0 MET>30 GeV, DY veto @ 5 Bre

E 150 Ozup =

z Ot 1+ ]

. 100 Ewe E

e Cross section measurement mwy -
Q Fit MET vs Njets templates for 6_' ——— E

Number of Jets

signal and background

"‘-El::_||||||||||||||||||||||||||||||||||

QEEE_||B||||||||||||||||||||||||||||||||_ = 300,

i F PV B T 1 3. - - :
“mf L ER e "WW = fFJ- oo *Ztautau
0 L N B - E I
£ mF = & = = = o9 =mf E 0k - .
L . o o o o o 1 z o . - . ] [ . v 25 =
150 ] 150 3 150 3 C
F o O O o o o E - o o - - ] s . . % B
wmf O OO o = ge = o naf S - R
E o O] ] =l i 10 o t« = & E n ]
2/ I III'Q@5 =k A 0 o o ATLAS HFe O o U%) -
- ) o =] i ] 1 i .=, B : : ;
i e B o e e e e e e B e s JPE Establish signal with -
it njets W njets =

L< 10pb—
O Expected precision for 100pb-
1 (incl. syst.):

Ao /o = (4(stat) + 4(sys) £ 2(pdf) + 5(lumi))% -
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Top as Calibration tool ﬂ_("

 Light Jet Energy Scale e B-tagging efficiency (CMS)
(ATLAS) O Selection of high-purity dilepton
O Semileptonic events ttbar events
d 2 b-tagged jets O Purity of b-content in selected

. . sample: 44%
Apply template.flts to inv O Rel. uncertainty on btag eff.
mass of 2 light jets o 1fb" 6%

0 JES to 2% in 50pb-1 (0.5% syst.) o 10 fb-': 4%
O 1% with 1fb-1 possible

E |||||||||||||||||||||||||||||||||||
E :l T T | T T T I T T T I T T T |--|--I| T T | T T 1T I T T 17T | T T |: E O. 1 4 __ —— absolute Uﬂcertalnty fOr I fb-‘] —
s 40000t Templates = 1. p =1 gl ATLAS = e L | -—#— absolute uncertainty for 10 fo’'
g 35000 f_ ----- B::i:{e:g; I;i 1'33 I.+_+_ “-‘i _f -E' 0.12 :_ —®— relative uncertainty for 1 b E
o = — i-“ —+—_+_"---: 3 ‘T o | = relative uncertainty for 10 fb™' N
o 30000 ; — % T
® - - ] i
w 250005 ; = g 0.08F '\l
S - - - - -
@ 200001 E Qo006 .
= . [ B g - %
15000 - " i .
= J Q 0.041 .- -
10000 = C e
= ] 0.021- O g - o
5000= 5 i ]
= . _|||||||||||||||I|||||||||||||||||||||_
%Ul 1 |6|5| 1 1 |?ID| 11 |?|5| 11 |8|0| 11 |8|5| 1 1 |g|0| 11 |g|5| 11 1100 O 40 60 80 1 UD 1 20 1 40 160 1 80200
jet-jet mass (GeV) Calibrated E; b-Jet
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Top Mass ﬂ("

Various channels+methods studied by both experiments, here only two examples
See talk by Lucia Di Ciaccio for details

e ATLAS lepton+tjets, 1fb-1 e CMS dilepton channel
0 Semileptonic event selection O Experimental error dominated by jet
O 2 b-tags energy scale, known to
U Geometric reconstruction: o 15% at1 fb"; Am~ 4.2 GeV
0 W candidate from min dR(jet,jet) o 10...3.0% for 1...10 fb'' Am ~ 2.9 GeV
0 Top candidate min dR (W.b-jet) o 1.5% longer term: Am~1.0 GeV
B FTTT T T T T T T T T T e T '
(9250_ % ! ! ! ! ! ! Legend
C Signal o100~
2 F ATLAS E 3 I i
§200_— 1 fb -1 2 B z=s
] : - Physical background E 80__ .
150 ;— _; E i . mlaa(:o; dilepton
L A ] 60 —
100~ N - - i
E E 40_
S0 ] -
055400 150 200 250 300350400 201
My, [GeV] i
‘POD 120 140 160 180 200 220 240 260 280
m; = 174.6 + 0.5(stat) + 0.7 /%(b-JES) + 0.2 /%(JES) top mass [GeV/c]
+ 0.4(ISR/FSR) + 0.1(b fragmentation) GeV Am,=1.5 (0.5) (stat.) +/- 2.9 (1.1) (syst.) GeV
0 1...3.5GeV, dep. On b-JES precision @1 (10) fb
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Ttbar resonances ﬂ("

2’ @ 700 GeV (xs*BR =11 pb)
L I L L L B L B L BB

* Motivation £ 700 ; E
O High potential to discover new qL%_Juzooog— AT"‘ES —
physics by searching for new 51800 + IZIZ b Gev)
resonances / gauge bosons in pp- Z:igg; =Mt 3
>X->ttbar (large Yukawa coupling) 1200 E

d Manifest in M(ttbar) distribution oot~ | E
(shape distort., peak) 233; — L=1 1" E
 Experimental issues at high 400; E
M(ttbar) 2005_ Lt | I:-.“.“.“i_..i| T el e | e I..._.E

Q% 200 400 600 800 1000 1200 1400 1600 1800
0 Top decay products closeby Mass [GeV]
(boost): breakdown of isolation, S N R B

jet merging = - ]

0 Breakdown of b-tagging 5 10 -

Q Efforts ongoing ...

3 E

* ATLAS Study: - Py
0 Standard M(ttbar) reco in (LN S p—————— E
Iepton+JetS E --—&-- KK gluon theory E
J KK gluon resonances can be 10500 000 1500 2000~ 2500 . 3000
excluded with 1fb-1 up to 1.5 TeV Mass [GeV]
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Single Top (cont.) ﬂ("

st-channel: mtop *Wt-channel: BDT output
g :I T 11 FTTTTTTTT] ||I TT [T T T[T T T T[T T T[T T I: K\ ziuz_l I l tr l tr l tr l tr l Tl I t I H K-—I[*I]_IHLQLIS’_:
£ 180F | ATLAS N - BDT for W+t vs fi—s I+jet -
L C —»—t_channel 7 2{]0:_ a) or Vs ti— l+jets _:
160 B Wtchannel 1802_Number of events in L=1fb" E
C . s-channel ] - e Wi-channel [e+u combined] 7
140:_ [ I B EW’U;. s-channel =
120F | pr ] 2140  t-channel —
:_ Wiets _: “E 120§. tE_> l+jets (I=ey) _f
100¢ x 8 F i li(=en .
80 A 100 +1 /et +jets E
- . Z o] Whb— I+jets 3
60;— —; GD;I Wij— l+jets _f
401 = 40 =
201~ & s 23 E
- T A Llill A I A I o [ r‘: Q'l 02 {]4 Uﬁ {]8 '|
00 50 100 150 200 250 300 350 400 BDT output
M (GeV)
e ATLAS: new studies of all single top channels using various
methods method | S/B L Xsec precision

t-chan cuts 037 | 1fb~1 | +5%+45%

t-chan BDT 1.3 11 | £6% +22%
Wit BDT 0.35 | 10fb~" | +20%

s-chan | likelihood | 0.19 | 30fb~' | 3o evidence

V| £ 11%(stat+sys) + 4%(theor)
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Conclusions ﬂ("

 Rich program for early QCD and Top Quark Physics at LHC

e QCD: probe of strong interactions in new regime

O Low Pt QCD:

o MC model tuning with early data
o Measurement of multiple partonic interactions

O High Pt QCD:
o Confront data with pQCD calculations at very high Q*2
o Input to PDF/alpha-s determinations
o New physics at very high Pt

e Top Quark Physics:

0 Rediscovery possible already at low luminosities

O Measurements of x.s., mass and other properties

O Window to new physics (ttbar resonances)

e Crucial to understand SM backgrounds before any new physics
signal can be claimed!
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