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LHC : Start-up scenario

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors

First Physics

Comments

L=3x1028 - 2x1031

Stage 1
Initial commissioning

43x43 to 156x156, N=3x1010

Zero to partial squeeze

Stage 2
75 ns operation

936x936, N=3-4x1010

partial squeeze

L=1032 - 4x1032

Stage 3
25 ns operation

2808x2808, N=3-5x1010

partial to near full squeeze

L=7x1032 - 2x1033

Stage 4
25 ns operation

Push to nominal per bunch

partial to full squeeze

L=1034

2
0
0
7

2
0
0
8

3

current LHC schedule   “nominal luminosity’’ : 
2808 bunches (25 ns spacing), N=1.15 x 1011/ bunch,  
full  squeeze at I.P.            (⇒ L ~ 1034 cm-2s-1)

(up to ~15 pb-1)

(up to ~1 fb-1)
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Events produced Pilot Run
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

days

Minimum bias Jet Et>25 GeV
Jet Et>60 GeV Jet Et>140 Gev
Gamma + Jet P0>20 GeV W l nu
Z ll ttbar--> l nu +X

(lumi ~ 1028 ⇒ 32 cm-2s-1)

Pilot run is 
max 30 days 
(up to~15 pb-1)

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

mainly for 
machine and 
detector 
commissioning !

assumed 
efficiencies :

ECAL&HCAL calibration
Tracker&Muon alignment
 efficient trigger operation
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Pilot Run : Number of events

! About 10 million minimum bias evts   (almost possible to trigger randomly)

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

! Not much of anything else

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors.

First Physics

Comments

Courtesy G. Rolandi

Events produced Pilot Run
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1 3 5 7 9
11 13 15 17 19 21 23 25 27 29

days

Minimum bias Jet Et>25 GeV

Jet Et>60 GeV Jet Et>140 Gev

Gamma + Jet P0>20 GeV W l nu

Z ll ttbar--> l nu +X

Assumed efficiencies:

!(jets) = 100%

!(W) = 20%

!(Z) = 20%

!(ttbar) = 1.5%

Even within a few hours/days:

   A few million di-jet events with ET > 15 GeV within  few hours !
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Early Minimum-Bias Measurements

• PYTHIA models favour ln2(s);
• PHOJET suggests a ln(s) dependence.

LHC?

E.g. charged particle density

• Energy dependence of dN/dη ?
• Vital for tuning Underlying Event model
• Only requires a few thousand events.

The pile-up for 
the future

12% have  pT(hard)>10 GeV (1% at Tevatron) Expected average  pT=0.7 GeV
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1. Anticipation of the LHC era

“Hard” Scattering

proton

underlying event underlying event

outgoing parton

outgoing parton

initial-state
radiation

final-state
radiation

proton

(A). New HEP frontier: the LHC

The Underlying Event (UE)

13 Oct 2005 18:26 AR AR257-NS55-13.tex XMLPublishSM(2004/02/24) P1: KUV

HARD HADRONIC COLLISIONS 571

Figure 7 Example of double parton scattering event,
leading to a γ+3-jet final state.

section. These results imply that as two partons from the two hadrons are engaged
in the hardest process, the spectator quarks and gluons will themselves undergo,
with non-negligible probability, a hard collision. As the hardness of this secondary
collision, namely the pT of the 2 → 2 process, decreases, its probability increases
and, in LO perturbation theory, diverges faster than 1/p2

T as pT becomes of the
order of "QCD. This divergence is unphysical, because in the complete theory it is
screened by the neutrality of the overall color field of the proton. Nevertheless there
is an intermediate range at the borderline between the applicability of perturbation
theory and the onset of nonperturbative phenomena where the probability of these
secondary “semihard” collisions is of order 1. It is therefore reasonable to expect
that these semihard multiple scatterings play an important role in the development
of the UE. Following these ideas, a model of the UE based on the superposition
of several low-pT 2 → 2 scatterings had been proposed and implemented in
PYTHIA many years ago (59). Here a lower threshold for pT is introduced, pmin

T ,
and the average number of 2 → 2 partonic scatterings with pT > pmin

T during a
pp collision is given by 〈n〉 = σ (pT > pmin

T )/σ0. In the simplest version of this
model, the individual scatterings are independent and their multiplicity follows a
Poisson distribution: P(n) = 〈n〉n exp(−〈n〉)/n!. As in the case of the parameter
σeff introduced earlier, σ0 should be related to the total inelastic, nondiffractive
cross section σN D . At the Tevatron, σN D is measured to be 50.9 ± 1.5 mb (60), a
factor of 3 larger than the value of σeff which CDF has measured in the γ + 3jet
study of hard multiple collisions. There is no complete understanding of this dis-
crepancy. It has been argued (61), for example, that this mismatch is due to a
large component of color-singlet Pomeron-like exchanges, which do not resolve
the quark structure of the proton. It also cannot be excluded that the value of σeff

depends on the scale of the primary hard process, because harder collisions are
expected to have smaller impact parameters than do softer collisions. In other
words, σeff or σ0 should represent only the inelastic cross-section for p p̄ colli-
sions occurring at very small impact parameter, in view of the presence of the

A
n

n
u

. 
R

ev
. 

N
u

cl
. 

P
ar

t.
 S

ci
. 

2
0

0
5

.5
5

:5
5

5
-5

8
8

. 
D

o
w

n
lo

ad
ed

 f
ro

m
 a

rj
o

u
rn

al
s.

an
n

u
al

re
v

ie
w

s.
o

rg
b

y
 U

n
iv

er
si

ta
 d

eg
li

 S
tu

d
i 

d
i 

R
o

m
a 

L
a 

S
ap

ie
n

za
 o

n
 0

2
/1

3
/0

6
. 

F
o

r 
p

er
so

n
al

 u
se

 o
n

ly
.

No real theory : 
need  exp  input !

Being studied in great detail
at the Tevatron ! 
Evidence that UE is the result of 
multiple semi-hard (mini-jet) 
interactions

- modeling (learn from min. bias)

- tune MCs (eg. Pythia) asap

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

7

Run 2008

1.00E-01

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

weeks

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

1.9 fb-1

100 pb-1

cf. Tevatron :
~ 1 fb-1  today !
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 will we just check again the Tevatron data ???

SM  expectations :

8

10%  trigger 
bandwidth

 what will we do with that ?
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LHC – first (crucial) steps:
Re-discover the Standard Model.

• Z/γ∗, W± Drell-Yan rate and spectrum;

• jet inclusive to pj
T ∼ 300 − 500 GeV;

• near thresholds of WW, WZ, ZZ, Wγ, γ+jets.
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LHC – first (crucial) steps:
Re-discover the Standard Model.

• Z/γ∗, W± Drell-Yan rate and spectrum;

• jet inclusive to pj
T ∼ 300 − 500 GeV;

• near thresholds of WW, WZ, ZZ, Wγ, γ+jets.top  cross  sections;
b  cross sections ;



Barbara Mele MCWS, LNF,  28/2/2006 10

x1x2 =
M2

S
at fixed  final state   (→ fixed M ) 

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

LHC explores same final states as Tevatron  
but  in a widely  different 
partonic regime !!!

x1x2 (LHC) ! 1
50

x1x2 (Tevatron)
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Production of low mass or high
rapidity objects goes out of the
explored domain in PDF.
HERA: small x range explored down
to very small values at low Q2.
LHC enters a new domain.
Also: very low x data (down to
x = 610−5) are essentially only low
Q2 HERA data.

. . . of course, 

 we’ll also look at  Q >>                ⇒M(tt̄)
11

x1x2 =
M2

S
at fixed  final state   (→ fixed M ) M(tt̄)

M(Z)

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

LHC explores same final states  
but  in a widely  different 
partonic regime !!!

x1x2 (LHC) ! 1
50

x1x2 (Tevatron)
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Very Hard processes

Even at low luminosity, large statistics of hard processes.

Main goal: understand jets (I believe ...)

Look for easy processes with jets: Z0 at high pt;

Even for 0.5fb−1, several Z0 with

pt > 500 GeV. Assuming that the Z

energy can be well measured, cross

section should be well predicted, in

a reliable range of x. One can check

energy calibration for jets.

γ at high pt;

Large rates at higher pt

Complications: photon requires

isolation (tricky in QCD)

Must reject background from hard

π0 from jets.

Jets

Jet rates much higher

Jet rates 1000 times higher

Photon isolation reduces π0

background

Better at high pt

Jet physics is complicated by theoretical (jet definition. treatement of
undelying event) and experimental problems (jet reconstruction, energy
measurement).
Qualitative studies at very high pt already interesting. Jet production in a
better controlled framework (Z + jet, γ + jet may help to sort out
problems).

Heavy flavour

Bottom and top cross sections get

close to each other at high pt. Still

some events for pT > 1 TeV. Many

ways to study b and t production.

b and t are copious sources of high pt leptons

strong cross section, large branching.

Important point: lepton spectrum can be predicted reliably!

My guess: it can also be measured reliably.

10 ev / fb-1

t
b

Z→ℓ+ℓ-

­

γ

jets

very  hard  processes ; σ(pT > pcutT ) [nb]

10 ev / fb-1

10 ev / fb-1

10 ev / fb-1

ΔσPDF ∼ 5→ 100%
Δσ(NLO)∼ 10%

jet definition ?
jet reconstruction ?

copious sources of 
high pt leptons

may help for 
jet definition 

may help for 
jet definition;
th problems with 
γ isolation ? 

jet energy calibration ! 

check quark structure ! 

(Herwig)
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•
•
•

single  high-pT  leptons  from :

13

b→ e/µ+X

Differential Rates

23

* W ! lepton is a 2-body decay, b/t ! lepton is 
3-body: lepton takes a larger fraction of 
momentum in W decay => harder spectrum, 
larger rate at higher pt in W production

• At large pt b and t production ~ equal !

• At large pt, W and heavy quark production 
~ equal!

* The global features of the event accompanying 
the lepton will clearly be very different in each 
case. Which of the three processes will dominate 
in a given analisys, will therefore depend on the 
details 

23
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ALPGEN

W → e/µ+ν

t→Wb→ e/µ+ν+b

lepton spectrum can 
be predicted reliably !

pt(lepton)   [GeV]

24

The LO processes for QQ 
production are weighted by the 
gg or qqbar luminsity, which 
drops at large mass much more 
rapidly than L(qg)

Q

Q

Q
_

Q
_

W

How come Q and W spectra 
are comparable at large Et?

24

lumi(M)

M

Wtop

b
(at large pt  ,
W and heavy quark production~ equal!)

W

top, b
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Di-Jet : high rate, jet calibration (pTj balance),        
        physics interest at large mjj

1  (lumi for 10 events with M > Mjj)

1 decade in lumi 
extends tail by 1 TeV !
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Di-Jet  resonances ?

15
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Di-Jets
! Produced at high rate

! Use for jet calibration by balancing jet transverse momentum
! analyse ( !pT / di-jet pT ) . Works well for low pT, but low stat. at high pT

! Physics interest in the high mass tail

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors

First Physics

Comments

But … if we see a signal .. How can we be sure about the tails in the energy resolution?

! QCD cross section
between 1.9 - 2.1 TeV
is 3.5 pb

! Excited quarks : 8 pb !

! CDF/D0 limits in the
range 0.4 - 1 TeV

! With 15 pb-1 at 14 TeV
we could extend this

! Crucial: energy resolution
in measuring jet energy
(narrow resonances)

σQCD (mjj ~1.9 - 2.1 TeV) 
     =    3.5 pb

Exited quark    ➡    8 pb

CDF/D0 bounds 
at  mjj < 1TeV

LHC (10 pb-1) could 
extend  searches !

energy resolution crucial !  
(narrow resonances)

σQCD (mjj ~950-1050 GeV) 
     =    26 pb

Exited quark    ➡    200 pb
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plenty  of Tops produced !

16

III Workshop Italiano sulla Fisica di ATLAS e CMS  
Bari, 20 – 22 Ottobre 2005

A
nd

re
a 

D
ot

ti,
 L

eo
na

do
 B

en
uc

ci
Produzione del top ad LHC: 

ttbar

! Principalmente da gluon fusion
! 8 milioni di eventi ttbar all’anno (rate di 1Hz) a 

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

(. . . at LHC)

18

Top production and bgs

!(tt) [pb] !(W+X)
!(W+bbX) 

[ptb>20 GeV]
!(W+bbjj X) 

[ptb,ptj >20 GeV]

Tevatron 6 20 x 103 3 0.16

LHC 800 160 x 103 20 16

Increase x 100 x 10 x 10 x 100

18

Also  
signal/bckgd  
improves !

(≈ 1 fb-1 collected on tape)
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statistics  is not  a  limit  for  m(top)
measurements  !

17
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Standard Model measurements

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors

First Physics

Phys. Reach

! Drell-Yan (W, Z) production of

lepton pairs

! best known cross section at LHC,

at NNLO : scale uncert. ~ 1% !

Anastasiou, Dixon, Melnikov, Petriello 

! Study the top quark properties
• mass, charge, spin, couplings, production and

decay, !Mtop ~ 1 GeV ?

! important background for searches

! Jet energy scale from W"jet jet,
commission b-tagging

! Top-Physics
! See the top immediately

! simple selection : Missing ET, 1 lepton,
!4 jets , NO b-tag (!), cut on hadronic W
mass

Atlas FullSim Preliminary

Top pair events 
in 300 pb-1

Mreco

! Similarly for W+/W-  (ratios are good!!)

! NNLO scale uncertainty 0.5 - 0.7 %

! Constrain PDFs, determine Lumi.

III Workshop Italiano sulla Fisica di ATLAS e CMS  
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Segnale più fondo

! E’ possibile migliorare S/B richiedendo solo gli 
eventi con |m(jj)-m(W)|<10 GeV

!"#$%&'() !"#$%&'()

*

+

!"#$%$&'()

!"#$%$*'++

!",&'()
-./001%234

19

1 lepton         PT > 20 GeV

Missing          ET > 20 GeV

4 jets(R=0.4) PT > 40 GeV

No b-tagging required

The signal is clearly visible over the background, even without b tagging

19

19

1 lepton         PT > 20 GeV

Missing          ET > 20 GeV

4 jets(R=0.4) PT > 40 GeV

No b-tagging required

The signal is clearly visible over the background, even without b tagging

19

controls  W+jets bckg

3 jets with highest pT
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Standard Model measurements

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors

First Physics

Phys. Reach

! Drell-Yan (W, Z) production of

lepton pairs

! best known cross section at LHC,

at NNLO : scale uncert. ~ 1% !

Anastasiou, Dixon, Melnikov, Petriello 

! Study the top quark properties
• mass, charge, spin, couplings, production and

decay, !Mtop ~ 1 GeV ?

! important background for searches

! Jet energy scale from W"jet jet,
commission b-tagging

! Top-Physics
! See the top immediately

! simple selection : Missing ET, 1 lepton,
!4 jets , NO b-tag (!), cut on hadronic W
mass

Atlas FullSim Preliminary

Top pair events 
in 300 pb-1

Mreco

! Similarly for W+/W-  (ratios are good!!)

! NNLO scale uncertainty 0.5 - 0.7 %

! Constrain PDFs, determine Lumi.
1%
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potential for new physics with  1 fb-1 ?

18

m(Q) GeV

15 pb-1

100

1

10

events

Heavy quark 
pairs

Tevatron

➠  squark 
production 
beyond Tevatron 
reach even with  
10 pb-1. . .  !
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Di-lepton resonances

19

May be seen very
early: first weeks !
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2008-run  “duty”  schedule  vs  integrated lumi  
• after  first  “good”  10 pb-1

– 20000 
–  2500 
–   200
➠  measure rates, align and calibrate detectors better

• after  first  “good”  100 pb-1

– 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-1  to  1 fb-1

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

– early Higgs boson search
➠

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

W → !ν
Z→ !!
tt̄→ !ν+ jets

H→ γγ,WW,ZZ
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1.9 fb-1

The path to discovery

Introduction

Status of

  Machine

  Detectors

Startup of

  Machine

  Detectors

First Physics

Phys. Reach

Re-discovery of the TOP

Z’ into muons

SUSY - SUSY

Higgs ???

Courtesy G. Rolandi

!LHC = 30%

L [1030 cm-2s-1]

 1.9 fb-1

New Physics potential for 2008  run :

+ Di-jet resonanses
+ Heavy quarks
+ quark substructure
+ ???

 100 pb-1
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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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First physics run: O(1fb-1)

SUSY@1TeV

SUSY@3TeV

Z’@6TeV

ADD X-dim@9TeV

Compositeness@40TeV

H(120GeV)γγ

Higgs@200GeV
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and  that ‘s  just  the  start up .....


