LHC physics : the first 1-2 year(s) ....

Fabiola Gianotti and Michelangelo Mangano
CERN, PH Department

* Physics opportunities at the beginning

* Machine start-up scenario
- Which detectors, triggers and performance at the beginning ?
- Construction — test beam — cosmics — first collisions

+ How well will we know the physics and the Monte Carlo generators at the
beginning ?

- Physics goals and potential with the first 0.1-1 fb! (a few examples ...)

- Conclusions



© What can we reasonably expect from the first year(s)?
Some history:

-- Fall 1982: first physics run for UA1 and UA2 at the SppbarS
L,..=5x10%8cm=2s! & 1% asymptotic L
L, = 20nb! in 30 days
outcome: W/Z discovery, as expected
ingredients: plenty of kinematical phase-space (ISR was sub-threhsold!),
clear signature, and good hands-on control of backgrounds
-- Summer 1987: first physics run for CDF at the Tevatron
L,0x=5X%10%8cm2s! % 1% nominal L
L, = 20nb! in 30 days
outcome: nothing exciting, as expected

why: not enough phase-space, given the strong constraints on new physics
already set by UA1/UA2!



In the region of the UA1 limit the production cross-section at the

Tevatron was only a factor of 10-20 larger

By the time of CDF startup, the SppS
had already logged enough luminosity to
rule out a possible observation at the
Tevatron within the first 100nb!
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It took 2 more years (and 4pb™) for CDF fo improve (m,,,>77 GeV) the UAL limits

(in spite of the fact that by '89, and with 5pb!, it had only improved to 60 GeV -
UA2 eventually went up to 69 GeV). This is the consequence of much higher bg's at
the Tevatron, and of the steep learning curve for such a complex analysis



At the start of LHC, the situation will resemble much more that at the beginning of UA1/UAZ2:

The phase-space for the Tevatron will have totally saturated the search
boundary for most phenomena, at a level well below the LHC initial reach: seen
from the LHC, the Tevatron will look like the ISR as seen from the SppS!

Rates 103 times larger in the region of asymptotic Tevatron reach
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Similar considerations hold for jets, where few days of data will
probe quarks at scales beyond the overall Tevatron CM energy!
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Fine, we have phase-space, we have rates. But should we truly expect something
to show up at scales reachable early on?

LEP's heritage is a strong confirmation of the SM, and at the same time an apparent paradox:

on one side m(H)=98+52-36; on the other, SM radiative corrections give
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How can counterterms artificially conspire to ensure a cancellation of their contribution to the
Higgs mass?

Omy =

The existence of new phenomena at a scale not much larger than 400 GeV appears necessary to
enforce such a cancellation in a natural way!

The accuracy of the EW precision tests at LEP, on the other hand, sets the scale for "generic
new physics” (parameterized in terms of dim-5 and dim-6 effective operators) at the level of
few-to-several TeV.

This sets very strong constraints on the nature of this possible new physics: to leave unaffected
the SM EW predictions, and at the same time to play a major role in the Higgs sector.

Supersymmetry offers one such possible solution



In Supersymmetry the radiative corrections to the Higgs mass are not quadratic in the
cutoff, but logarithmic in the size of SUSY breaking (in this case Mg,/ M,,,):
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In other words, the large value of m,, shows that room is getting very tight now for SUSY, at

least in its "minimal” manifestations. This makes the case for an early observation of SUSY
at the LHC quite compelling, and worth investing intol

For some people the room left is too tight. Some skepticism on SUSY has emerged, and a huge
effort of looking for alternatives has began few years back, leading to a plethora of new ideas
(Higgless-models, Little Higgs, extra-dimensions, etc)

Some of these ideas lead to rather artificial structures, where the problem of the Higgs
naturalness is shifted to slightly higher scales, via the introduction of a new sector of particles
around the TeV.

The observation of new phenomena within the first few yrs of run, in these cases, is not
guaranteed (nor is it asymptotically)

Few of these scenarios offer the appeal of Supersymmetry, with its clear predictions
(calculability), and connections with the other outstanding problems of the Standard Model
(Dark Matter, Flavour, CP violation)



The search for Supersymmetry is in my view the single most important task facing the LHC
experiments in the early days. In several of its manifestations, SUSY provides very clean
final states, with large rates and potentially small bg's.

Given the big difficulty and the low rates characteristic of Higgs searches in the
critical domain m <135 GeV, I feel that the detector and physics commissioning

should be optimized towards the needs of SUSY searches rather than light-
Higgs (I implicitly assume that for m>140 Higgs searches will be almost

staightforward and will require proper understanding of only a limited fraction of
the detector components -- e.g. muons)



® Machine status

Production of dipoles approaching the end
Cryoline installation on track
Dipole installation started

Equivalent dipoles

Cryodipole overview
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—Cold masses delivered —Cryodipoles assembled
—Cryodipoles cold tests passed ——Cryodipoles assigned to position ining
— Cryodipoles ready for installation ——Cryodipoles installed

Schedule tight, but on track for
hardware commissioning to hand over
the machine to the beam
commissioning team on July 1 2007

01-Jare07



® Machine startup scenario

EXP&TH Physicists’ perception of the LHC luminosity profiles (peak and
integrated) during the first 2-3 yrs appears to be quite far from the
preliminary planning of the accelerator physicists.

From the version of this talk given in Nov 04:

(from Chamonix XIT Workshop, January 2003)

~ April 2007 : start machine cool-down followed by machine commissioning
(mainly with single beam)
~ Summer 2007 : two beams in the machine — first collisions
-- 43 + 43 bunches, L=6 x 1031 cm™ s (possible scenario; tuning machine parameters)
-- pilot run: 936+936 bunches (75 ns — no electron cloud), L>5x 1032
-- 2-3 month shut-down ?
-- 2808 + 2808 bunches (bunch spacing 25 ns), L up to ~2x1033 (goal of first year)
— ~ 7 months of physics run




Following slides from Roger Bailey’s report to the
LHC Machine Advisory Committee, June 05.

http://mgt-lhc-machine-advisory-committee.web.cern.ch/
mgt-lhc-machine-advisory-committee/lhcmaci//Agenda.htm

Reflect the outcome of Chamonix XIV, Jan 2005

http://indico.cern.ch/conferenceDisplay.py?confld=044




28 Scheduling

Every year we will need a long shutdown (3-4 months)

At the end of every shutdown
m Close the machine personnel access system
m  Get all equipment ready for beam (machine checkout, ~ 4 weeks)
m Get machine ready for operation (setup with beam, 2-3 weeks)

During periods of operation
= Need regular technical stops (3 days every month)
= Interventions need careful but flexible planning
Get machine ready for operation (1 day)
Machine development (around 15% during first years)
Operations for physics
Access as required for unscheduled stops

R,Bailey, LHCMAC, June 2005




S8 Breakdown of a normal year

September
December

Machine checkout |March

Setup with beam

£
E
3
[ -
-
:

140 days for physics per year
Not forgetting ion and TOTEM operation
Leaves ~ 100 days for proton luminosity running
? Efficiency for physics 40% ?
40 days ~ 1000 h ~ 4 10%s of colliding beams / year




Stage 1 - pilot run luminosities

No squeeze to start

— NE;.",Jf}" F

L -
dme

43 bunches per beam (some displaced in one beam for LHCb)

Around 107 per bunch

Push one or all of
= Partial optics squeeze in 1 and 5 (2m ??7)

= Increase bunch intensity
= 156 bunches per beam (some displaced in one beam for LHCb)

Beam energy (TeV)

6.0, 6.5 or 7.0

6.0, 6.5 or 7.0

6.0, 6.5 or 7.0

Mumber of bunches per beam

43

43

156

F*¥inIP1,2, 5 8 (m)

18,10,18,10

2,10,2,10

2,10,2,10

Crossing Angle (urad)

[

1]

0

Transverse emittance {pm rad)

Bunch spacing (ps)

Bunch Intensity

Luminosity IP 1 & 5 (cm™2 51)

Luminosity IP 2 (em™*s51)

R,Bailey, LHCMAC, June 2005




Stage 2 - 75ns luminosities

Partial squeeze and smaller crossing angle to start
Luminosity tuning, limited by event pileup

Establish routine operation in this mode

Move towards nominal squeeze (1m ??7?) and crossing angle
Increase bunch intensity ?

Tune IP2 and IP8 to meet experimental needs
= Down in IP8 (1m ?77)

3
L = N khf{’rF
4me

s UpinlIP2 (50m ?7?7? Then transverse beam displacement probably needed)

Beam energy (TeV) 6.0, 6.5 or 7.0 6.0, 6.5 or 7.0 6.0, 6.5 or 7.0

Number of bunches per beam 936 936

936

p*inIP1, 2,5 8 (m) 2,10,2,10 1,10,1,10 1,10,1,10

Crossing Angle (urad) 250 285

285

Transverse emittance (um rad) 3.75 3.75

3.75

Bunch Intensity 4 1010 4 100

g9 100

Luminosity IP 1 & 5 (cm™? 571} ~ 110% ~ 2 1032

o g 1D33

Luminosity IP 2 & 8 (cm™2 51} ~ 2 1031 ~ 2 1031

R,Bailey, LHCMAC, June 2005

1 1032
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|s this plan what we want?

Questions/issues:

© 25nsin 2008 reduces max Lum by ~ 3 w.rt. 75ns, and
reduces run time (more machine development): pro/cons of 25
vs 75 when the integrated Lum will at best be few 100 pb-1 7

the long shutdown in 2009 to install high-lum collimators
curtails the ability to integate the few fb-1 required for the
Higgs detection. What is the most desirable target:

collect 10fb-1 ASAP ? or  getto 103* ASAP?

@ which machine commissioning profile best suits ATLAS/CMS
detector commissioning and physics readiness needs?

It is crucial that ATLAS/CMS interact very closely with the accelerator team, to
contribute to the design of a schedule optimized for the physics potential




©® Which detectors the first year(s)?

RPC over |n|<1.6 (instead of |n|< 2.1)
4™ Jayer of end-cap chambers missing

Pixels and end-cap ECAL
. installed during first shut-down

2 pixel layers/disks instead of 3

TRT acceptance over |n|< 2
(instead of |n|< 2.4)

Both experiments: \ -A < \ |
deferrals of high-level Trigger/DAQ processors Pl = ; | b |
- LVL1 output rate limited to SR s | .-
~ 50 kHz CMS (instead of 100 kHz) . A%
~ 35 kHz ATLAS (instead of 75 kHz) i “tl k i
& i¥ R ] -

Impact on physics visible but acceptable
Main loss : B-physics programme strongly reduced (single u threshold p;> 14-20 GeV)



Which detector performance at day one ?

o
n
T

= Limit on precision

A few examples and educated guesses
based on test-beam results and simulation studies
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0 0.2 0.4 0.6 0.8

Expected performance day 1

Physics samples o improve

(examples)

ECAL  uniformity
e/y scale

HCAL uniformity
Jet scale

Tracking alignment

~1% (ATLAS), 4% (CMS)
1-2 % ?

2-3 %
< 10°/o

20-500 um in R ?

Minimum-bias, Z— ee
Z —ee

Single pions, QCD jets

Z(—Il)+1j, W — jj in tt events

Generic tracks, isolated u , Z — uu

Ultimate statistical precision achievable after few days of operation. Then face systematics ...
E.g. : tracker alignment : 100 um (1 month) — 20um (4 months) — 5 um (1 year) ?




Steps to achieve the detector goal performance

 Stringent construction requirements and quality controls (piece by piece ...)

* Prototypes and part of final modules extensively tested with test beams

(allows also validation of Geant4 simulation)

* In situ calibration at the collider (accounts for material, global detector,
B-field, long-range mis-calibrations and mis-alignments) includes :

-- cosmic runs : end 2006-mid 2007 during machine cool-down
-- beam-gas events, beam-halo muons during single-beam period
-- calibration with physics samples (e.g. Z— I, t1, etc.)

K
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Example of this procedure : ATLAS electromagnetic calorimeter

Pb-liquid argon sampling calorimeter
with Accordion shape, covering |n| < 2.5

100 fb!

Evenis .-"H 2 gV
g

g

H — vy : to observe signal peak on top of huge vy background need
mass resolution of ~ 1% — response uniformity (i.e. total constant 15000
term of energy resolution) < 0.7% over |n| <25

12500

10000 |

105 13 135
I, (GeV)




® Construction phase (e.g. mechanical tolerances):

287 GeV electron response variation with
-| Pb thickness from ‘93 test-beam data

2=

Thickness of all 1536 absorber plates

1% more lead in a cell - 0.7% response drop
— to keep response uniform to 0.2-0.3%,
thickness of Pb plates must be uniform
IR t0 0.5% (~ 10 um)

(1.5m long, 0.5m wide) for Atlas barrel EM calorimeter
measured with ultrasounds during construction

Yinit  aBTF J @
Conetont 5881
'L, 211
!

222 224 226

Absarber thickness (mm)



@ Beam tests of 4 (out of 32) barrel modules and 3 (out of 16) end-cap modules:

245 |
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W
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240 |

1 barrel module:
AnxAp=14x04
=~ 3000 channels

v

Scan of a barrel module with 245 GeV e-

RMS (BeV) =
L 1.32

F(Gev) =

MODULE P13

Uniformity over “units” of size
AxAp=02x04: ~05%
400 such units over the full ECAL
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Check calibration with cosmic muons:

S NTETAT ) g,

overburden, surface
buildings) + measurements

i a ATI AS 0 O with scintillators in the
cavern: l
_ | Through-going muons ~ 25 Hz
“ (hits in ID + top and bottom muon chambers)

_ | Pass by origin ~ 0.5 Hz

N - YSEle) (1z| < 60 cm, R <20 cm, hits in ID)

W T /

i Useful for ECAL calibration ~ 0.5 Hz

[

RS L e
AWNZ Rl N > ~ 10%events in ~ 3 months of data taking

- enough for initial detector shake-down
(catalog problems, gain operation experience,
some alignment/calibration, detector synchronization, ...)



| Muon signal in barrel ECAL - _ Precision of ECAL readout calibration system : 0.25%.
B Muons | 1 But:m-dependent differences between calibration

1200 | Peak position=290.8 + 0.8 McW

Test-beam data ||  and physics signals

1] S(u) / o(noise) = 7

G600 __ MNoise ] i

I sigma=40.o + 0.4 Mev ]
400 | | 0.8

- i - can be checked

- —| o 0.& . .
oL ] = with cosmic muons

L Ll L £ i
® "a -0.2 D 0.2 0.8 1 ng.; A

Energy [GeV]

=
fa

o

=
=)
=

Test-beam data

Relative energy (a.u.)
ot
E

1.02 .
NS SERENE « From studies with test-beam muons:
1 ¢ [4le L° I .

(e1d I ] can check (and correct) calorimeter response
0.98 variation vs 1 t0 0.5% in < 3 months of cosmics runs
0.96 |

| Note : not at level of ultimate calibration uniformity
0.94 |

(~ 0.25%) but already a good starting point

325 35 37.5 40 42.5 45 47.5 50 52.! T] 5



| rate ~ 1 Hz at 1033, ~ no background,
allows ECAL standalone calibration

@  First collisions : calibration with Z — ee events

Cior = €L ® Cpp ¢, = 0.5% demonstrated at the test-beam over units An x Ap = 0.2 x 0.4

¢ r = long-range response non-uniformities from unit to unit (400 total)

l (module-to-module variations, different upstream material, temperature
effects, etc.)

Use Z — ee events and Z-mass constraint to correct long-range non-uniformities.

From full simulation : ~ 250 e= / unit needed to achieve ¢ ,<04% — ¢, ,=05%® 0.4% =<0.7%

L

~10° Z — ee events (few days of data taking at 1033)

Nevertheless, let's consider the worst (unrealistic ?) scenario : no corrections applied

‘¢, =13% measured “on-line" non-uniformity of individual modules } — | c..~2%
tot

|

conservative : implies very poor knowledge . .
of upstream material (to factor ~2) H — vy significance m_ ~ 115 GeV degraded by ~ 30%

*¢r=15%  no calibration with Z — ee l

— need 70% more L for discovery




O How well will we know LHC physics on day one
(before data taking starts ) ?

* DY processes

* top X-sections

* bottom X-sections

* jet X-sections

* Higgs X-sections



W/Z cross-sections

(nb)

o.B
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sa LW Tevatron Z(x10)]
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LM, Frixione

—— MC@NLO
---- NLO
LO

- LO+Herwig

Lepton acceptance

In(lept)|<2.5, E;™*>20 GeV—

1 L 1 'l | 1 L 1 1 | 1 1 1 L | 1 L 1 1 | 1 1 L L | 'l 1 1 1

A Liu gpuie

20 30 40

a0

60

pr(lept) (GeV)

70

B0

o Test of QCD to NNLO: potential accuracy ~ 2% on o _.

® Luminosity monitor

® Probe of PDF's

=> In view of incomplete detector coverage, need to ensure
that the potential NNLO accuracy is reflected in the
calculation of acceptancies. The realization of a QCD
NNLO event generator, however, will still take few years. Is
it required?

0] < 25 > 3GeV, pi) > 20 Gev

7] < Q.SGEV, ) = 20 GeV
LO

LO+HW NLO MC@NLO
0.5249 —7.7% 04843 04771 +1.5% 0.4845
15.4% |7.0% 16.3%
Cuts A, no spin | 0.5535 0.5104 0.5151
0.0585 +208% p.1218  0.1292 +2.9% 0.1329
129% 116% 118%
Cuts B, no spin | 0.0752 0.1504 0.1570

Theory OK to 2% + 2%(PDF)

Similar accuracy for high-mass DY (bg, as well
as signal, for massive Z'/W')
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. Source of error Lepton+jets | Lepton4jets | Dilepton | All jets
Recent overview of ATLAS NP P S : -
in GeVv inclusive large clusters high pT
strategy and results for m . sample sample sample
to Energy scale
hep-ph/o403021 Light jet energy scale 0.2 - - (1
b-jet energy scale 0.7 - 0.6 0.7
Channels considered: Mass scale calibration - .4 - -
+(W—> ln U)+4 jetS, 2 b tags UE estimate ) L ) )
hioh-oT . Plvsics
+ high-p 1 top, t>3 jets Background .1 (.2 (.4
+ (W-=>Inu) (W->Inu) +bb b-quark fragmentation 0.3 0.7 0.3
_ Initial state radiation / . .1 .1 0.4
+ m 1 ~ 1in events with B—> pSIX Final state radiation 0 @ 0.6 2.8
(I-psi) PDF - /= 1.2 :

Need a strategy for validation of the
MC input models:

I b2¢
+ UE modeling and subtraction acto *
+ validation ot FSK eftects: / e
*| jet fragmentation properties, jet ene}é/ profiles " Yo ®

e

A & A A A & 4 A 4 &

* how do we validate emission off th¢ top quark in

the high-pt top sample?

* b fragmentation function

¥rno UE subtraction
A UE subtraction

clus



bb cross-sections

109

i Points: CDF

do/dpe{d/¥) BR{J/¥+uu) (nb/GeV)

ly(d/¥)| < 0.8
Band: FONLL,

scalesPDE syst

LB | Curves: FONLL ~
E o(py(1/¥)>1.25 GeV) BR:
Z 19.9728 nb (CDF)
10-2 |- 18.3'22 nb (FONLL)
" Solid histogram: MC@NLO, 17.2 nb,
- Dashed histogram: MC&NLO, 16.4 nb
L AT AT S A L S R T
0 8 10 15

prld/¥) (GeV)

Cacciari, Frixione, MLM, Nason
and Ridolfi, hep-ph/0312132.

Different values of
b hadronization
parameters

OK, but theoretical
systematics still large:

+-35% at low pt
+-20% for pt>>mb

In view of the recent run
IT results from CDF,
more validation required.

To verify the better
predictivity at large pt,
need to perform
measurements in the
region 30-80 geV, and
above (also useful to
study properties of high-
Et b jets, useful for
other physics studies)



Higgs cross-sections

NNLO available for dominant gg->H process
=> almost as accurate as DY

PDF uncert sufficient for day-1 business, but improvements
necessaryfor high-lum x-sec studies (=>to measure couplings)

(Djouadi & Ferrag, hep-ph/0310209)

100 g : - -
_ o(gg — H) [pb] 3 ]
/5 = 14 TeV ] ~ o(qgq — Hqq) [pb] ]
MRST - N VE =14 TeV ]
Jekbin MEST -
10 & Alekhin ] . cﬁq
1.1 i -
F | Bomnn o gtoes E L1F
[ ST ; 1.05 e
- 0.95 -I ) = ] |
0.9 . M T W W 1 .95
-h].':":' 1000 T 0.0
0.1 100
0. L L . o
100 100C 0.1 % N
My [GeV] 100 1000
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Jet cross-sections % .. EKS Ru=t3R, RR07
% 1.3 - u=0.25
= —=—  u=0.75
1.2 = u=1.00
Theoretical syst uncertainty ) — B0
at NLO ~ +-20% ; ‘\ “— =175
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e [T ——— __.'_.1_.___;;,':—'3—'__,—'{_:'_'":-_ ?_ i
0.7
PDF uncert (mostly g(x)) growing at large x
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Main sources of syst
uncertainties (CDF, run I)

At high E; the syst is dominated by the response
to high p; hadrons (beyond the test beam p;
range) and fragmentation uncertanties

Out to which E; will the systematics allow

precise cross-section measurements at the
LHC?

Out to which E; can we probe the jet
structure (multiplicity, fragm function)?

NB: stat for Z+jet or gamma+jet
runs out before ET~500 GeV

Percentage change in cross section

20

-20

20

-20

20

-20

20

-20

{a) High P, Hadron response | 20 |{b) Low P, Hadron response
.............. - "
¢) Energy Scale Stability 20 Hd) Fragmenta/timl/
_________..--""
....................... U qmmmidddbnnn
...... "
(€) Underlying Event 20 H{f) Neutral Pion Response

20
(g)Calorimeter Resolution 20 |{h) Normalization
20

100 200 300 400

100 200 300 400

Transverse Energy (GeV)



Table 8: Rates for L,,, = 10 fh~! for different intervals of 2% and i [IZE"!:«‘_-'EJ- = W0GeV /e, Py =
10 eV /e and Ag < 157).

B“ |An?| intervals all  [*

(GeV/e) | 0005 [ 0510 [ 10-15 | 1520 | 20-25 [ 2550 | 0.0-50

40 - 50 4594 | 5425 | 6673 | 7267 | 6732 | 4796 35486 Z+J€T

S0 — 6 3128 3509 | 4297 | 4570 | 3976 2000 21471

60 — 70 2253 2443 2855 | 2034 | 2220 851 13567

70 - 80 1580 1734 1948 1786 1307 341 8692

80 -90 [ 1152 I 148 1267 1236 824 170 | 5790

90 -100 | 741 £39 812 808 523 50 [ 3802

W0-110 | 582 500 594 | 546 105 36 | 2657

110-120 | 384 428 451 | 412 226 g | 1905

120 -140 523 582 562 331 203 12 2503

140 -170 392 380 368 341 190 4 1675

170 -200 170 186 162 170 63 2 756
200 -240 111 103 99 9] 40 0 444
240 -300 71 51 44 48 20 0 23§ s(PEEst — 5GeV /e and Ag < 157).

Bt 1 intervals all "

(GeV/e) |[00-04] 0407 [ 07-1.0 [ 1.1-15] 15-19] 1922 22:26 | 00-26

40-50 || 102656 | 107148 | 100668 | 103903 | 103499 | 116674 | 126546 | 761027
5060 || 43905 | 41729 | 41074 | 45085 | 42974 | 47640 | 50310 | 312697
60 — 70 18153 | 18326 | 19190 | 20435 | 20816 | 19432 | 23650 140005
70 — 80 9848 | 10211 9963 | 10166 9951 11397 | 10447 71984
80 —90 5287 5921 5104 5823 5385 6067 5923 39509
90 — 100 2899 3033 3033 3326 3119 3265 3558 22234
gamma+je‘r 100-120 || 2908 3091 2995 3305 3133 3282 3420 | 22143
120 — 140 | 1336 1359 1189 1346 1326 1499 1471 | 0525
140 — 160 624 643 626 674 706 614 668 4555
160 — 200 561 469 557 355 519 555 557 3774
200 - 240 187 176 186 192 187 185 151 1264
240 — 300 103 98 o8 98 100 92 74 665
300 — 360 34 34 33 32 3l 27 20 212

| 40360 '| 188517 | 192274 | 184734 | 194957 | 191761 | 210742 | 226819 '| 1389484




The structure of the underlying event

Multiple Parton Tnteractions
(lafmping Parenm

H H . Chulpoing Furlun - )
Mounting experimental evidence PTilard)

(R.Field, CDF) that the UE is the
result of multiple semi-hard
(minijet-like) interactions

Proton AntiProton

L‘rl}'iug Eveni

Underlying Event

urgning Farton Outgelng Parten

1 ! -
=] , 1
Sumensivy: /&
) HERWIG (without maltiple parton
interactions) does not produce
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Extrapolation from Tevatron to LHC is hard, as it relies on the
understanding of the unitarization of the minijet cross-section

The mini-jet nature of the UE implies that the particle and energy flows
are not uniformly distributed within a given eventican one do better than
the standard uniform, constant, UE energy subtraction?

Studies of MB and UE should be done early on, at very low luminosity, to
remove the effect of overlapping pp events:

- MB triggers
- low-E; jet triggers



© Physics goals and potential in the first year (afew examples ..)

~ few PB of data per year per
experiment — challenging

for software and computing
(esp. at the beginning ...)

assuming 1%
of trigger
bandwidth

Channels (examples ...) Events to tape for 10 fb!
(per experiment)
W= uv 7 x 107
Z>uu 1.1 x 107
HOWbWb D> uv+X 0.08 x 107
QCD jets p>150 ~ 107
Minimum bias ~ 107
g¢ m=1TeV 103 - 10*

—)

Already in first year, large statistics expected from:
-- known SM processes — understand detector and physics at Vs = 14 TeV

-- several New Physics scenarios

Note: overall event statistics limited by ~ 100 Hz rate-to-storage
~ 107 events to tape every 3 days assuming 30% data taking efficiency




PPNETRl Understand and calibrate detector and trigger in situ_using well-known physics samples
eg. -Z—ee,uu tracker, ECAL, Muon chambers calibration and alignment, etc.
-tt = blvbjj 103 evts/day after cuts > jet scale from W-jj, b-tag perf., etc.

Understand basic SM physics at Vs =14 TeV = first checks of Monte Carlos
(hopefully well understood at Tevatron and HERA)
e.g. - measure cross-sections for e.g. minimum bias, W, Z, tt, QCD jets (to ~ 10-20 %),
look at basic event features, first constraints of PDFs, etc.
- measure top mass (to 5-7 GeV) > give feedback on detector performance
Note : statistical error negligible after few weeks run

Goal # 2 Prepare the road to discovery:
-- measure backgrounds to New Physics : e.g. 1t and W/Z+ jets (omnipresent ...)
-- look at specific "control samples” for the individual channels:

e.g. ttjj with j = b “calibrates” ttbb irreducible background to ttH - ttbb

ELLIE=3Y Look for New Physics potentially accessible in first year (e.g. Z', SUSY, some Higgs ? ...)

1.




Example of initial measurement : top signal and top mass

- Use gold-plated t+ — bW bW — blv bjj channel
- Very simple selection:
-- isolated lepton (e, u) p;> 20 GeV

-- exactly 4 jets p;>40 GeV

-- no kinematic fit

-- no b-tagging required (pessimistic,
assumes trackers not yet understood)

* Plot invariant mass of 3 jets with highest p;

i Events S‘ra‘r error Stat. error
ime at 10% (6eV) | do/0

Top

1 year 3x10°

1 month 7x10%

1 week 2x103

ATLAS
150 pb! (< 1 week at 1033)

300

a |

250

200

|IIII|IIII|IIII|III
——
ll—

=
——
——
——
——
e
——
e
l—
—_
—_
el

150 I{'

g |

= Iy Myl
100; I'Hi Iﬂlliﬂﬂmﬂﬂﬂ
50— H*L b2t

- A w4 jets (ALPGEN MC)

. 'délgr' 100 150 200 250 300 350 400

M (jjj) 6eV

= top signal visible in few days also with
simple selections and no b-tagging
= cross-section to ~ 20% (10% from luminosity)
= top mass to ~7 GeV (assuming b-jet scale to 10%)
= get feedback on detector performance :
-- My, Wrong > jet scale ?

-- gold-plated sample to commission b-tagging




Fit signal and background (top width fixed to 12 GeV) — extract cross-section and mass

i ATLAS 150 pb™! — Already with 30 pb? | _
300 " - : s
- 100{—
250 — -
- 80— -
200 -
1503- 30:_
1003— 40:_
50/ -
- 20
0_ 111 1 1 [ | L1 L1 L 11 L1 11 —
0 50 100 150 200 250 300 350 Geﬁ]ﬂ 00\' .
220
2001
Can we see a W — jj peak ? 180/
160 —
Select the 2 jets with highest p; 140
(better ideas well possible ..) :E::
W peak visible in signal, no peak in background oF
40%-
20
0:

o




In.l.r.oduce b-TGgglng | Commissioning T-mass

250 s
- | no b-tag I
- 200 @ 2604005 - 2424007
ATLAS 150 pb™! - - — = e
150 —
100 i
s0f ¥ ”Hhrﬂjrm*}ﬂ
oy . . . . — 4
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What about early discoveries ?

An easy case : a hew resonance decaying into e+e-, e.g.a Z' — ee of mass 1-2 TeV

An intermediate case : SUSY

A difficult case : a light Higgs (m ~ 115 GeV)




An "easy case" : Z of mass 1-2 TeV with SM-like couplings

ATLAS, 10 fb,

Z' — ee, SSM
Mass Expected events for 10 fb! | JL dt needed for discovery
(after all cuts) (corresponds to 10 observed evts)
1 TeV ~ 1600 ~ 70 pb’!
1.5 TeV ~ 300 ~ 300 pb!
2 TeV ~ 70 ~ 15 fb'!
- signal rate with L dt ~ 0.1-1 fb! large enough .

up tom =2 TeV if "reasonable” Z'ee couplings

» dominant Drell-Yan background small

(< 15 events in the region 1400-1600 GeV, 10 fb!)
- signal as mass peak on top of background

and determination of lepton efficiency

Z — |l +jet samples and DY needed for E-calibration - ﬂ
| |

10

)

barrel region

IR AT

600 800 1000

1200

1400 1600 1800
M/GeV



An intermediate case : SUPERSYMMETRY

~~ ~~ ~~

Large §4.9S8.82  cross-section — ~ 100 events/day at 1033 for m(q,g)~1 TeV
Spectacular signatures > SUSY could be found quickly

50 discovery curves
JLdt=1, 10, 100, 300 b’ X
(T D S— : 99992_____.________f_"_z__(fi_tfi_rf?:35’“>O Using multijet + E{™* (most powerful and
S : : - :
CMS  fu Er (300 fo) model-independent signature if R-parity conserved)
S Te<miss p(123) e ]
1200 - EFFE\‘(\IE)? R U
::::-"“-'-'-_-‘-.-’—-_—4---_--_-. ______________________________ 1_5{%?992 _____
°| ~ one year at 1034
1000 {  feo . /|
[ T up to ~2.5 TeV
- TH ) Y,
A Y e e ooy
E?: 800 ENS10y -
g ~ one year at 1033:
. U o < up o ~2 TeV
600 - S — T B —
| NN A ~ one month at 10%:
400 - ......................... S mm up to ~1.5 TeV
200 - . 2
cosmologically favoured region Measurement of sparticle masses
V< H 1
0 Tevatron reach : < 500 GleV likely requires > 1 year. However ...
0 500 1000 1500 2000

m, (GeV)



Peak position correlated to Mg ,q, =  Min(m(q), m(g))

: ; 9
. ESEven‘rs for 10 fglgglround ¢ =Elve|n‘lrslfc|>rllcl) flbl1 | Iblaclkgl;r?ulndI |

signal
T T [ T l A 1 T t
m (3, &) ~ 400 GeV 5 \ m (3, 8)~ 1TeV
10

1T 1L [ 11

= Tevatron reach _

10 . E NN E ATLAS
4 ,E; - - 104 | —_
o'k . | B> 80 Gev 2=
F ~| Egmss > 80 Gev oL o -
0 é_ S - ? i ;
N + : 2 B _O_ =
10°L +++ — 10 = O E
- - F 0 ]
10 = — 10 = E
: i i / { I I | I : 1()0 i | 1 | | 1 | | | 1 | I/—‘— j | | | }

L 0 1000 2000 3000 0 1000 2000 3000 4000
. 4 ) 4
M = ETmISS + sz (et;) (GeV) M = ETmISS + ZPT (et;) (GeV)

From M. peak — first/fast measurement of SUSY mass scale to = 20% (10 fb!, nSUGRA)
Detector/performance requirements:
-- quality of E{™s* measurement (calorimeter inter-calibration/linearity, cracks)

— apply hard cuts against fake MET and use control samples (e.g. Z — |l +jets)
-~ "low" Jet / E{™ss trigger thresholds for low masses at overlap with Tevatron region (~400 GeV)



Events/ 5 GeV

Backgrounds will be estimated using data (control samples) and Monte Carlo:

Background process
(examples ....)

Control samples
(examples ....)

Z (— vv) + jets
W (— tv) + jets
tt— blvbjj
QCD multijets

Z (— ee, uw) + jets
W (— ev, uv) + jets
tt— blv blv

lower E; sample

normalization

Can estimate background levels
also varying selection cuts
(e.g.ask 0,1,2,3 leptons ...)

normalise MC to data at low E; ™S and use it

Hard cuts against fake E; Mss:

-reject beam-gas, beam-halo,
cosmics

- primary vertex in central region

- reject event with E{™sS vector

oint . . e s s " .

P to predict background at high E;™ss in “signal” region
L4 F D o DATA
12 | O e MC (QCD, W/Z+jets)
LO |
8 __ T (192 .
. E 2 “e” + = 1jet sample
4 = -
;, 3 L.y s, L e e T .

20 30 5 o0 70

.40 50
Missing E (GeV)

along a jet or opposite to a jet
-reject events with jets in cracks
- etc. etc.




Can we frust the current estimates of bg rates?

10% Ty
- Z+ N jet, LHC, pT>30 GeV ]
L — — 1;% Integrated pT rate of N—th jet |
102 solid: Alpgen —

_-—| ‘«-H‘XiashEE Herwig ]
10l LL. LLLLLH"‘ N=1_ _E

100 L

10-1 —
“‘“‘“«L Tl ‘“ﬁ
lﬂD 150 200 250
Exact LO ME

Pythia shower prediction



10° ™ T E
: ATLAS 3
- . Njet=4
4 o —
< 10 -— L ALPGEN {z W}+‘1‘J__ ET(I’2)>IOO GeV “COI’I"eCt” bg Shape
g , Te . Er 450 GeV indistinguishable
& 4q° ¢ ' ’ i |
% e % ; MET>max(100,M_/4) from signal shape!
< 102 .]3‘ a Meff=MET+ZETj
g - le § .* E
10 E P}rl;l'“a =
N LBNL-5561| L h
] 1000 2000 SDDEI 4000
M, (GeV)
Bg brealkdown: 10 -af : Indeed the Z —vv bg
3? G..ai_ _:‘ - appears to be
B QCDjets ¢ = + ' understimated by a
g0 Lo 1 factor 10-50! It will
® S Fle ] dominate the
g1 F 4 o highMET tail, and
YV z-w o :FJ — < could be measured
< _: +— e in Z—ee+jets
A W=l 10 e 0004000



Use Z->ee + multijets, apply same cuts as MET analysis but replace MET with ET(e*e")

Extract Z->nunu bg using, bin-by-bin:
(Z->nunu) = (Z->ee) B(Z->nunu)/B(Z->ee) 1%

Minimum lum Lo achieve MET+jels l_
Assume that the SUSY signal is of | be determination using Z->ee y—‘
. ol | (Assume S=B, require S>3g,,)
the same size as the bg, and evaluate | —]
the luminosity required to determine '
the Z->nunu bg with an accuracy such

that: | iy
susy > 3 sigma -1 —|_,_,

N

where

sigma=sqrt[ N(Z->ee) ] * B(Z->nunu)/B(Z->ee) P T e ———,
Meff

=> several hundred pb! are required. They are sufficient if we believe
in the MC shape (and only need to fix the overall normalization). Much
ore is needed if we want to keep the search completely MC independent

How to validate the estimate of the MET from
resolution tails in multijet events??



A difficult case: alight Higgs m,, ~ 115 GeV

@ ]
: 5 ILdt=301" o s ob)
3] . B 1 = (no K-factors) A H - 779 = 41
= [Ldt=10b ATLAS g ATLAS H > WW" S vy
& 2| = [Ldt=30m" (no K-factors) Z 102k " qqH — qqWW"
- 10 : 5
3 : £ r A qqH —qqr
oy n _ Total significance
A
10 |
10 -
> 1144 GeV hgr‘: Iiillscoz\‘/lery easier |
P — C
1 wit 1 100 120 140 160 180 200
102 103 my (GeV)
m,, (GeV)
ATLAS ttH — ttbb qqH — qqrtr
my ~ 115 GeV 10 fb™! (Il + I-had)
S 15 ~ 10
., B 45 ~ 10
+2.
total S/VB=4.,; S/ VB 2.2 ~27

Full GEANT simulation, simple cut-based analyses

L K-factors = 6(NLO)/o(LO) = 2 not included



Remarks:
Each channel contributes ~ 20 to total significance — observation of all channels

important to extract convincing signal in first year(s)

The 3 channels are complementary — robustness:

H— vy ttH — tt+ bb — blv bjj bb qqH — qqtt

- different production and decay modes
» different backgrounds
- different detector/performance requirements:
-- ECAL crucial for H — yy (in particular response uniformity) : o/m ~ 1% needed
-- b-tagging crucial for +tH : 4 b-tagged jets needed to reduce combinatorics
-- efficient jet reconstruction over |n| < 5 crucial for qgH — qqrr :
forward jet tag and central jet veto needed against background

Note : -- all require "low" trigger thresholds
E.g. ttH analysis cuts : p; (1) > 20 GeV, p; (jets) > 15-30 GeV

-- all require very good understanding (1-10%) of backgrounds



If m,>180 GeV : early discovery may be easier with H — 4| channel

Luminosity needed for 5o discovery (ATLAS+CMS)

L= H T T | FEEFET) P [ R P R [
E i LHC 14 TeV (SM NLO Cross Sections)
E # 10fb-1 per expt. E g CMS , 10 fb!

£ o o 10 Bl Signal

= E /3 months (80 f)é) 2 JF i Backar.

g L /@ U=10% gfizs : = b

3 L f—ou_ 1 6 H— 4l (I=eu)

5 T " ] .

E -

R — L

a [ A i -
- —_— H= 22 . - H H
Loas e HOWW of L0 T ARFE
fE i T80 200 220 240 260 50

115 GeV a m (41)

10| i i i S S R S Y N

100 200 300 400 500 600

MHiEIEJ‘J- |GEV]

*H—= WW — Iv lv: high rate (~ 100 evts/expt) but no mass peak — not ideal for early discovery ...
* H— 4| : low-rate but very clean: narrow mass peak, small background
Requires: -- ~90% e, u efficiency at low p; (analysis cuts : p;12345 20, 20,7,7, GeV)
-- 0 /m ~ 1%, tails < 10% — good quality of E, p measurements in ECAL and tracker



Conclusions

of operation
Event statistics : 1 day at LHC at 1033 = 1 year at previous machines for SM processes

..and what about surprises ?

+ Experiments: lot of emphasis on test beams and on construction quality checks
- results indicate that detectors “as built" should give good starting-point performance.

- Efficient/robust commissioning with physics data in the various phases

(cosmics, one-beam period, first collisions, ...), as well as solid preparation of MC tools,
are our next challenges.

Both are crucial to reach quickly the “discovery-mode” and extract a convincing “early” signal

* The definition of priorities for the physics commissioning and early analyses should match
the LHC commissioning plans. There is an immense potential for exciting and rewarding
physics, as well as for crucial calibrations/MCtuning/bg-studies/etc, to be done even with lower

luminosity. The proper planning of operations for the first 1-2 yrs may have an important
impact on the timeliness of major discoveries!



