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“nominal luminosity” .
[current LHC SChedUIe] 2808 bunches (25 ns spacing), N=1.15 x 10"/ bunch,

full squeeze at |.P. (=L ~ 103 Cm'23'1)

Stage 1

Initial commissioning
43x43 to 156x156, N=3x1010
Zero to partial squeeze

L=3x1028 - 2x103"
(up to ~15 pb-1)

Stage 2

75 ns operation
936x936, N=3-4x1010

November

partial squeeze e gmemba
- utdown January
L=1032-4x1032 February

| Nachlne dneekout March

Stage 3

25 ns operation
2808x2808, N=3-5x1010
partial to near full squeeze

(up to ~1 fb-1) L=7x103%2- 2x1033

Stage 4

25 ns operation
Push to nominal per bunch
partial to full squeeze

L=10% 11 ,
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Events produced|Pilot Run

(lumi ~ 1028 =32 cm=2s1)
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—«&— Minimum bias
Jet Et>60 GeV

—ZI

Jet Et>25 GeV
Jet Et>140 Gev

—x%— Gamma + Jet P0>20GeV & W | nu

———ttbar--> | nu +X

Pilot run is

max 30 days
(up to~15 pb1)

mainly for
machine and
detector
commissioning !

ECAL&HCAL calibration
Tracker&Muon alignment
efficient trigger operation

data taking
will be only
for a small
fraction of the
time

assumed
efficiencies :
e(jets) =100%
e(W) =20%

A few million di-jet events with ET> 15 GeV within few hours !

(
e(Z) = 20%
g(ttbar) = 1.5%



E.g. charged particle density The pile-up for

§° o °
Il
3 PythiaB.214 (CTEQSL tuned) =
% I e T Phojet1.12 (GRVS4L) = 7 PYTHIAG.2 14 (tuned)
LHC predictions = PHOJET1.12 (default) //’
bl bl NN BN B BN L bl BN B B -
6 . — ‘?l—lshl---_-------_--é' LHC?
= S )
o A UA5 53, 200, 546 and 900 GeV //’
5 5 O CDF 630 and 1800 GeV

NSD data

® CDF (1.8 TeV)
O UAS (200 Gev)

- 0.023Ins) — 0.25In(s) + 2.5

- D.27In(s) — 3.2

0
1 4 7
o 2 3 5 g 10% 10° ot

Vs (GeV)

PYTHIA models favour In?(s);
PHOJET suggests a In(s) dependence.

*  Energy dependence of dN/dn ?
- Vital for tuning Underlying Event model
*  Only requires a few thousand events.

12% have pT(hard)>10 GeV (1% at Tevatron)  Expected average pT=0.7 GeV
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The Underlying Event (UE)

e - e e e - e e - S . . . . . . e s

No real theory :
need exp input!

“Hard” Scattering

outgoing parton

Being studied in great detail
at the Tevatron |

proton _‘ proton Evidence that UE is the result of
;Gﬂ v; . . I
underlying event ""K“ underlying event rnUITIPIQOSCmI hard (mlm JCT)
initial-state  'nteractions
radiation :
_ final-state
outgoing parton radiation S
9 jet Z\
- modeling (learn from min. bias) —p

- tune MCs (eg. Pythia) asap
jet 3

- how to subtract/merge it from/to hard scattering process ???
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First 'Physics’ run in 2008 !

Run 2008

1.00E+04 - 1.9 fbl
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cf. Tevatron :

~ 1 fb! today !
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1.00E-01 - T

100 pbl weeks

—e— luminosity (10**30 cm-2 sec-1) integrated luminosity (pb-1)

events/crossing .




SM expectations :

1fb? (per exp)

Events on tape

W-=>uv 7 x 106
Z2un 1.1 x 10¢
Tt >WbWb>puv+ X 8 x 104
QCD jets p150 ~ 106
Minimum bias ~ 106

/

10% trigger
bandwidth

B

what will we do with that ?
will we just check again the Tevatron data ?7?7

Barbara Mele
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CDF Mee and Fp

. CDF Run II Preliminary (200 pb ") ) o CORpeliminary
10 é' ' 1 ' ' ' ' I ' ' ' ' I N N ' N I T T T T |E g
i e Data : %
Drell - Ya 1 ol e data(L=87pb")
103 3 D ~ g E 10 - Bl Ztjets
F ] Qcp Background
o (] v, WW, WZ, tt B Wets
> 102 - B WW+WZ4+ZZ
O 3
& _
- 10
w C
= 10
=
O
>
84
1
1
-1
10 :
100 200 300 400 500 50 75 100 125 150 175 200 225 250 275 300
Dielectron Mass (GeV/c 2) B (GeV)

Z /v, W= DreII-Yan rate and spectrum;
jet inclusive to p’. ~ 300 — 500 GeV;

top cross sections;
b cross sections ;
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LHC explores same final states as Tevatron

but in a widely different
partonic regime !!!

M2
X1 X0 — ——
[A2 <

at fixed final state (— fixed M)

(Tevatron)

In a sense, we are studying the same final
state in different QCD environments !

Surprises ?
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LHC explores same final states
but _in a widely different T
partonic regime !!! N e e R

- x,,= (M/14 TeV) exp(+y)
M?
)C1X2 — 10" E

10° Q=M M = 10 TeV

at fixed final state (— fixed M)

n

& 10
>
L
o
1 R 104
X1 (LHC) ~ — X% (Tevatron) ‘& |
50 10"
In a sense, we are studying the same final E
state in different QCD environments ! 10°
Surprises ?
10’
... of course, i :
we'll also look at (J >>M(tt) — T
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very hard processes

[ 4
4
10 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
, [ high p, jet production at LHC |
102 —

"\ <t AG(NLO) ~10% |
= 100 - AO'pDF ~ 35— 100% |
g ___________

g i - ' t definition ? ' 1
~ ets Je
3 107° — J . jet reconstruction ? =
~ check quark structure | I
& 1074 | —
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p: t and b production at LHd

| copious sources of
. high p+ leptons

e e e e e e e e = = —

i 10 ev / fb-"
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— high p; 7 production at LHC —
i [yl<1 ’y |

Fmmmmmm— - -

i may help for :
B | jet definition; '™
I | th problems with 1 |

: Yy isolation ? :

10 ev / fb-

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

0 250 500 750 1000 1250

Pt cut (GGV)



single high-pr leptons from :

o |V — 6/]4 +V | lepton spectrum can |

 be predicted reliably !

e bh—e/p+X TS TTTTTToS

° t—>Wb—>e/y+v+b:3

(at large p¢ ,
W and heavy quark production~ equal!)

108

107 :
108
109 ; .
104 ;
103 ;

10°

101

Solid: bb —> lept
Dashes: tt —> lept

2 |-
0% Dots: W —> lept

ALPGEN

do/dpt (pb/5 GeV)

0 100 200 300 400

pi(lepton) [GeV]

2000/S, LNF, 28/2/2006 13

50C



Di-Jet : high rate, jet calibration (p7 balance),
physics interest at large m;;

K

-

: E
10"
107
103
107
1o5E liet nl<1 oy
- M

—e— Super:PT>600
—=— Ultra:PT>400
—a— High: PT>250
—5— Med: PT>120

=

* 1 decade in lumi

-

- extends tail by 1 TeV !

—_—

+

1000 | 4000 5000 5000 ?000
i i fc’[ed Diiet Mass (GeV)

Barbara Mele

100 pb “' (lumi for 10 events with M > M;))
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Di-Jet resonances 7

Sensitivity to Dijet Resonances at CMS

Acc, (pb)
S

*
=
(o=

N

*BR
-
o
TTTTTI]

ss section
—

Cro
<

- -
Q Q
& N

-
o
N

excited quark

axigluon

—#—— EB diquark

! Color Octet Technirho
Zprime

Wprime

RS graviton (k/M_ =0.1)
5 sigma discovery cross section
95% C.L cross section limit

lum=1fb™
liet eta|<1

oqcp (Mjj ~950-1050 GeV)
= 26pb

Exited quark = 200 pb

oqcp (Mjj ~1.9 - 2.1 TeV)
= 3.5pb

Exited quark = 8 pb

Mass (TeV)

CDF/DO0 bounds
at mj < 1Te\i/

LHC (10 pb-") could
extend searches !

energy resolution crucial !
(narrow resonances)
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plenty of Tops pr'oduced

>vmvu< g TOToOawaT : ?@wmn<
d - d

A1
_ - g Leingopof - F _

q t g t
qq->tt: ~10% gg->tt: ~90% (...at LHC)

O A= 6 Spb ( %scale + 7%PDF)

Ot L= 840pb (1 + 5%scale a 3%PDF) (= 1 fb-" collected on tape)

1 fb-! at LHC ~ 100 x Tevatron ‘today’ |

0 (W+bbX) O (W+bbjj X) Also
o(tt) [pb] | o(W+X) :
tb>20 GeV tb,ptj >20 GeV .
E || e ! signal/bckgd
Tevatron 6 20 x 103 3 0.16 . |
LHC 800 | 160 x 10° 20 6 improves :
Increase x 100 x 10 x 10 x 100
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statistics is not a limit for m(top)
measurements !

Atlas FullSim Preliminary

. 24 N, = 580 : 48
No b-tagging - s(m )= 154+ 1.
doo- 4 &
- — 5
R i Top pair events
sof 4 in 300 pb-’
- |
Im(jj)-m(W)|<10 GeV N
controls W+jets bckg Wi
- Y
20—
0 ) l R i s ;PHLEI"'- .
100 150 200 250 300 350 400 450 500
- M
m important background for searches 4 reco
s Jet energy scale from W—jet jet, 3 jets with highest pr

commission b-tagging N\ i,

Barbara Mele MCWS, LNF, 28/2/2006 17



potential for new physics with 1 fb!?

- - =
E N(ev)/vyr at .=10%, E
| e=0.01 N
: Heavy quark E
: pairs )
N / 1fb-1 _
E — 15 pb_l E
- Tevatron® .
— '-l'L —

1 | ] 1 II‘II. 1 1 | ] 1 I 1 1 1 1 | 1 1

200 400 600 . 8OO 1000
m(Q) GeV
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100

10

> squark
production

1 beyond Tevatron
reach even with
10 pbt. .. !
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Di-lepton resonance

g 1 1 1 I 1 1 1 I 1 1 1

May be seen very
early: first weeks |

Event=/50 GeV/io. 1 b’

400 800 800

Example : The Di-lepton channel|—__

Zl

(New gauge bosons)

7

An, ZH

(Little Higgs)

\\.

G(KK)
(ADD)

y(1)/Z(®)

(TeV-! Extra Dimensions)

G(1)
(Randall- Sundrum)

000 1200 1400 1800
W mass (GeV)
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2008-run “duty” schedule vs integrated lumi

« after first “good” 10 pb
— 20000 W — /tv
— 2500 Z — W/
— 200 tt — {v+ jets
= measure rates, align and calibrate detectors better

« after first “good” 100 pb
— W(Z)+jets rates well measurable
= Jet calibration, MET calibration (for SUSY)
— inclusive leptons, di-leptons, photons, di-photons triggers (for Higgs)

 from 100 pb* to 1fb*

— Standard Model candles: tt production, W/Z cross sections, PDF studies,
QCD studies, b-jet production
= do extensive MC tuning

— early Higgs boson search
w  H —yy,WW.,ZZ

— early SUSY-BSM searches
= MET + anything, di-jet, di-leptons, di-photons, resonances.... 20



L [1030 cm2s-1]

1.00E+04 -

Z’ into muons %

Re-discovery of the TOP

1.00E+03

1.00E+02 -

1.00E+01

e A :

Higgs ?

Div:n 2NN0O

SUSY - SUSY I

1.9 fb-

r—o

+ Di-jet resonanses

+ Heavy quarks
+ quark substructure

+ 777

1.00E+00

1.00E-01

1

2 3 4 5

4

6 7 8 9 1011 121314151617 18 19 20

100 pb'1 weeks ELHC — 30%

—— |luminosity (10**30 cm-2 sec-1) —®— integrated luminosity (pb-1)
events/crossing
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Conclusions

We could have
a very reach physics input
within one year from the first bunch
crossing ...
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and that's just the start up ...

_ _ Z@6TeV
= = ADD X-dim@9TeV SUSY@3TeV @
~—3000 (= ; : - ;
:'? — . Compositeness@40TeV
3 1000 =i~ 5 SRS OSSR OSSO NSO - SO S
= = H(120GeV) Sy 6
£ — , - ?
i 300 = Higgs@200GeV ;
T s e S s fo W e S — —
o = sUSY@1TeV = : § > g ;
g 30 = - 5
E B ®, e
= IR S " s | (S S B i I S T S
10 = -
= o | 3
L m N
[ 10-20 | i |
1 Badles 1 /gt —1 /g
- Fb-1/yr 100 fb | /Y 1090 fb /yr*
01 1 | I 1 1 | 1 1 I | 1 1 I 1 | 1 1 I | 1 I
' 009 2011 2013 2015 2017 2019
Accumulated by year

First physics run: O(1fb~")
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