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ATLAS and CMS ...
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Barrel Toroid Inner Detector Hadbario Calbrimetses Shielding
Parameter ATLAS CMS
Total weight (tons) 7,000 12,500
Overall diameter (m) 22 15
Overall length (m) 46 20
Magnetic field for tracking (1) 2 4
Solid angle for lepton ID or tracking (A¢ x An) | 27 x 5.0 | 27 x 5.0
Solid angle for energy measurements (A¢ x An) 2 =< 9.6 | 2w x 9.6
Total cost (MCHF) 550 550
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Strategy to new physics discovery ...

Before data taking:
— Quality controls of detector construction to meet physics requirements

— Test beam: several years of activities culminating in the combined test
beam of 2004/2007 to understand and calibrate sub-detectors, and to
validate/tune software tools, e.g., Geant4 simulation

— Full simulations of realistic “as-built” and “as-installed” detector
(misalignments, material non-uniformity, dead channels): test and
validate calibration and alignment strategies

— Some aspects of commissioning with cosmics are being addressed now
or have already been addressed:
» Pre-alignment and calibration
* Initial detector shake-down

» Data processing at the Tier 0 (CERN), distributed to Tier 1’s and some Tier
2’s. Analysis at the Tier 2’s.

With first data

— Commission and calibrate detector and trigger in situ with minimum
bias, Z—ll, etc

— Rediscover SM at +/s = 14 TeV (minimum bias, W, Z, tt, QCD jets, etc)

— Validate and tune tools (MC generators)

— Measure main backgrounds to new physics: W+jets, Z+jets, tt+jets,

... QCD multijets, ... o
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Before Collisions (ATLAS as an example)

o  Test beam measurements to
understand detector components and
tune simulation

e Dress rehearsals to test data
acquisition, data streaming and
distribution

« Calibration and alignment
procedures on “as installed”
simulation samples

« B-field mapping with survey data
from magnetic probes

» Calibration of electronic channels,
mapping of dead/noisy channels with
external charge/source injections

e Cosmics run: initial detector
alignment (barrel)

 Beam halo events for initial detector
alignment (end-cap)

CMS took test beam data up to 2007.
Also, CMS had a very strong cosmic
challenge in 2006
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Detector and Trigger Commissioning ...

Present fraction of working ATLAS:

Sub-detector

Number of Channels

% of non-working channels

Pixels

Silicon Strips (SCT)
Transition Radiation Tracker
Electromagnetic Calorimeter
Scintillator Tile Calorimeter

Barrel Muon Spectrometer
End-cap Muon Spectrometer

Liquid Argon Had. End-cap Calorimeter
Liquid Argon Forward Calorimeter

80.0 106
6.0 10°
3.510°
1.7 10°
9800

5600
3500
7.0 10°
3.210°

10 Based on measurements
0.04 during sub-detector
integration on surface or
in the cavern

Trigger menus for initial luminosity of

1031 cm st are being prepared: 200 Hz
storage rate (ATLAS) out of 40x10° Hz
interaction rate. Can afford low thresholds

w/o pre-scaling, simple selections, redundant
items, calibration triggers, HLT in pass-through

mode, etc: See the talk by Leonidopoulos for det

August 2007 cosmics run: muon tracks

reconstructed by Trigger
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LHC Startup

Integrated ,
luminosity

1 fbo—1 +

Accurate in-situ alignment and EM/jet/E s calibrations
100 pb—"' + Understand SUSY and Higgs backgrounds from SM
Initial SUSY and MSSM Higgs sensitivity (E; — ~2 TeV)

Test beams, 2008
cosmic runs,
pre-alignment

and calibration, 10 pb—" + Initial detector and trigger synchronisation,
data distribution commissioning, calibration & alignment, material
dress rehearsals Search for extraordinary new physics signatures

Time
LHC startup

Expected data samples with only 100 pb-!
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Precision on luminosity measurements ...

CMS/TOTEM and ATLAS forward detectors forward physics, heavy ion, ... and
luminosity measurements

211:;

: [5.2 < n < 6.6]
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 Initially from machine parameters
— Precision ~10-15%
Pythia v6.319 ATLAS Cal.

I~ A 1 e Medium term from physics
processes:W/Z & uwu/ee

— Precision ~5-10%

e 2009 from Roman Pot detectors
—  Precision ~2-3%
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JWY(Y)—uu and Z—uu ...

1 pb! = 3.85 days at 103! with 30% efficiency

Events per 1 pb™
2
l

e
=
L
TTT

10°:

Bloiectonia || After all cuts:
Wowelvan |~ 4200 (800) I/y (¥) — uu evts per day at L = 10%
(far 0% machine x detector data taking efficiency)

~16000 (3100) events per pb!

— tracker momentum scale, trigger performance,
detector efficiency, sanity checks, ..

. g o110 bt
2 4 & T B 9 i 1 12 'E !
Mass (GeV) c
w 10t
After all cuts: 10
~ 160 Z —= pu evts per day at L = 103!
~ 600 events per pb-! 10§

— Muon Spectrometer alignment, ECAL uniformity,
energy/momentum scale of full detector,
lepton trigger and reconstruction efficiency, ...

IIIIIIIIIIIIII I d - . [
40 50 60 70 80 90 100 110 120 130
My, [GeV]

Expected precision on ¢ (Z— uu): < 2% experimental, ~10% luminosity
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EM Calorimeter uniformity...

e Use Z—ee to correct for residual long range non-

uniformity due to

100

200

Luminosity (pb™)

Overall 0
uniformity [l

0.025 '+

10° Z—ee would be enough
to achieve a uniform response
at the level of ~0.7%

AT

LAS

300 400
TTTTETTTTTT [Tt

=3

(from full detector simulation)

| =107

0

Kétévi A. Assamagan

ﬂ_lll

20

40

Number of Z — ee events

60

LHC New Physics Signature Workshop, 05.01.08

80 100 120

11



Minimum bias/Underlying Event ...

Minimum bias events

Inelastic hadron-hadron events
selected with an experiment’s
“minimum bias trigger”.

Usually associated with inelastic non-

single-diffractive events (NSD) (e.g.
UAS5, E735, CDF ... ATLAS/CMS?)

J—

YO, 4 70445 T Oy air

tot = “elas

N —’

B N

Gysp ~ 65 - 73mb
(PYTHIA] (PHOJET)

6,y ~ 102 - 118 mb
(PYTHIA)  (PHOJET)

Need minimum bias data to:

E¢)

EQ

Kétévi A. Assamagan

Study general characteristics of proton-
proton interactions

Investigate multi-parton interactions
and the structure of the proton etc.

Understand the underlying event:
Impact on physics analyses?

The underlying event (UE)

The “soft part” associated with hard scatters

In parton-parton scattering, the UE is usually
defined to be everything except the two
outgoing hard scattered jets:

Beam-beam remnants.

Additional parton-parton interactions.
ISR + FSR

Can we use “minimum bias” data to
model the “underlying event”?

> At least for the beam-beam remnant and
multiple interactions?

LHC New Physics Signature Workshop, 05.01.08 12



dN,./dn at =0

< Nmg > - transverse region

_ Extrapolation to the LHC
107 17

Minimum bias/Underlying Event ...

_Charged Particle multiplicity
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g Generation | LHC 1 minute
Z ™ /(PYTHIA)

Reconstruction with full
simulation (2 methods)

"EED—'_'l
P TP Bt Lo i ==l T e
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Pr (MeV)

Take special run with low B field to reach p;
~ 200 MeV.

. Measurements from different
LHC experiments should be
complementary:

»  LHC-b tracks charged particles to

higher rapidities than ATLAS or
CMS

»  ALICE tracks charged particles
down to lower momenta than
ATLAS or CMS

Predictions similar:

difference used to be a factor 2
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Inclusive jet cross-section ...

Jet spectrum at high p; sensitive to new physics
Can fake/mask signal if not well understood ...

Inclusive jet cross-section

Jets with p=1 TeV [n|<2

Statistical :
Luminesity  J5:00
Jel E scake

Total

102 evts 37
R B R R it

10 102 107
Integrated luminosity (pb™)

10° QCD-LO. p=E /2 1
10° — — CTEQsM ]
- CTEQ4H]J
wE N MRST - oy
10’ . 3 =10 =
= , Several orders of magnitude$ %
2 10° = < o
= larger than Tevatron at the 3 il
= . T E g i
% 10 qematic limit g =
o 00 > ] = 10
£ o :
7w 5 |
10° Vs =14 TeV !; E 15 LAS :
i evatron E E A =3 102 evts =
0= 1 e et " . 2 S B
E. (TeV)
Inclusive jets D<y<3 | —
ge1s|- Theoretical errors: miccs v e
= — muf=2 2w =10
== - _ —_ 0 —_— mUEE O =30
EoiE -upue~10% at 1 TeV .
%u.us:— S = ;'t
= _OE H e ———1
eSS T e N
w05 - | N N gy il ey
- —_ .
RIS o B e e I S
0.5
_,u_2Z||||||||||||||||||||||||||||||||||||||
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Et (GeV}

Addition theoretical errors from PDF uncertainties ~15% at 1 TeV
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Constraining PDF with early data

Using W—lv angular distribution ud =W —e'y

A particle of mass M, at W production at LHC over |y|<2.5 ——
a rapidity y, produced by ' implies 104 <x, ,<0.1: region GIE %H: —e V
a pair of partons (1,2) carrying dominated by g;qq
a fraction x, , of the proton
momentum: e rﬂpld ity e* rapidity
M >
Y2 =L exple y) 5 o
' «..IG q>) '0.12
2 - . T oea
[
& P EE=EDE Y IR |- < ooa . :
q & 3 : i e m; : 'g 0.08 i Herwig+NLO '
x L. o : -JF'-""-"" |:| ¥ 1
= = k) Snge E 0.04 f Generated
x L.+ :— -_' (X —— E.I_:g?:-. 0.02 H
N A\ i “
oe H - >
5 - e el T‘\ O 10,05
b : o E !
0.z F E R\“E 1,1:"-._"1‘ E ot
o b i - R CTEQS1 ol CTEQS
X 002 [ MRST02 MRSTO02
. . . - ZEUSDZ 0.02 ZEUSD2
e The goal is experimental uncertainty < 5%: oo F 0.01
P | I 5 | | . |
=2 Q0 2 =2 0 2
N
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Constraining PDF with early data ...

o What will be the effect of including LHC data in global PDF Fits?

e Take 105 W—ev events generated with CTEQ6.1 PDF and ATLFAST detector
simulation to probe the low-x gluon PDF at Q?=m,,*: W*—e*v rapidity spectrum

sensitive to gluon shape parameter A

e This “data” included in the global fit

02 [ ZEUS-PDF

........................ N BEFmE
aas T / ::\\‘:.:* includjng W data
“F € cTEQS1
- pseudo-data
203 N
u,ﬁ-|||1I||||||é||||i||||.||l|'

m| °

os

a1

. €" cTEQS.1
- pseudo-data

ZEUS-PDF AFTER

..., including W data

‘%

P
1 2

I I T |
X [

m|

The central value of the ZEUS-PDF prediction shifts and uncertainty is reduced;
Error on low-x gluon shape parameter A [xg(x) ~ x*] reduced by 35%

The systematics on electron acceptance versus n, will be controlled to a
few percent using Z—ee ( ~3 10 events at 100 pb1)

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08




top at the LHC

Strung Interaction —» tt

Tevatron
-833 pb >5:¢-in< -'? pb
10% qq, 90% a9 g : 85%4qq, 15% g9

B .t g :é&_‘ & . g %:} I
B 4 Y
i + b + 140903
o Y E;,\ohh
-\'EF (=1 'lz:;h
. ¥ & *'ﬁ -+ E L] =

— Weak Interaction —» single top* —

LHC | wW* Tevatron
0~300pb & w A4  o~3pb
75%Wg, 20%Wt & B 65%Wg, 30%Wt

W-g fusion

}@J%:” |

[BR ('l:%Wb) ~ 100 % in SM and no top hadr'c;nisa”rion }

lw9ev.uv
tt final states (LHC 100 pb™) Single top final states (LHC 100 pb1)_
* Full hadronic 37K : 6 jets + W-g 9K i l+v+2jets
1+ v+4jets Wt 2K il+v+3jets

+ Semileptonic 25K

* Dileptonic 4K : 2]+ 2v+2jets

- Wx 0.2K i1+ v+ 2jets
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Commissioning with top-events...

e Atop signal can be observed quickly even with limited detector performance and
simply analysis

» The easiest channel will be lepton+jets, with W+jets, tt combinatorics, QCD as the
main backgrounds

»  Assume b-tagging will not be available yet

« Inaddition, excellent sample for: light jet calibration, b-jet efficiency
determination, general detector performance

W =2 jets maximizing p; W in jjj rest frame

Apply simple selection:

Hadronic top=3 jets
maximizing p top

- good isolated lepton (e,w), p,(lep) > 20 GeV/c

- B >20 GeV

- < 1T a2
mjj My, | < 10 GeV/e

- = 4 jets, 3 with p,(jef) > 40 GeV/ic  ((ljets)[<23)
1 with p,(jet) > 20 GeV/c

- quality improvement cuts
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Commissioning with top-events ...
e The technique seems to work:

= =
B8 300
i 250 [ ] rrhar
— — B VW +icts (Alpgen)
E 200 [ single Top
=] —
= — .
= '°°F Studies done
fal ] I
= oo from fast
Z ol simulation:
— QCD is likely
030 40 100 120 140 160 180 200 not well
MJJ in top candidate (GeWV ) modeled
:.; E - E
C | []TToar S 120F
,':.:'\; E |:| TTbar (combinatorics) E It E
E 40 Il W<kt: (Alpgen) T_f : :_
g - [ Single Top :1:' g0
2 a0f 5 F
o [ (P |
2 of & . F
= C £ wF
= o - =
10— z 2L
% m m 3 4m ﬂ L I1]]I L L llml 'l 1 Iml L L Iml 1 L lm L m
Mm (GeV) Mml GeV)

But Missing ET will be problematic at the start.
Signal can still be extracted without Missing ET requirement
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Jet Energy Scale / b-tagging Efficiency...

« Calibration of light jet energy scale, to

; = =
complement y+jets sample B b
— Remove [m;-m,|<10GeV/c? (bias 2 kb
a0
requwement and look at m; for all 3 2k
the 3jet combinations in m, "mass E -
window 5 MM
. . B o =
— Still to be translated into jet energy 5
scale correction faction E 1001
F -t
Jet E-scale: s Clear W peakI
m initially o ~ 10% from fest beam + simulation V== % 20 T

(Geant4 reproduces test-beam pion response
of hadronic end-cap calorimeter to ~2%)
m Then eventually from data (y/Z+jets, W—jj in m|=<1.5

tt events) + simulation —1% B 0.2
E {].'18-5 —#—— ghbseolute uncertainty for 1 i’
. . . .. as| I s ahbsolute uncertainty for 10 fo’
« Calibration of b-tagging efficiency 2016 | e e umcenainty for 11"
) i ‘™ 0.141 | --®-- relative uncertainty for 10 fo
— Select 3jets from the hadronictop & o.12]
— Perform a fit using resolution, m,, 3, ;|
. o !
and m,,, as constraints 'S oos
D 0.04
— Measure the b-tag efficiency for the |

4th jets a function of E; and eta e TR KT T ErTprEroerne
Calibrated E, b-Jet = SVenis
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top mass measurement ...

»  Several methods for early top mass measurement - for example, kinematic fit to reconstruct

hadronic top in lepton+jet sample

< 180 j’* ATLAS preliminary [
g 160 |
3 jets pr> 40 GeV ;-m : 15 100 pb-t
1 jets pr> 20 GeV Em
: > H . (el + jets)
i y[;‘ o B 62 + jets)
Isolated lepton / 3 jets with largest 3 py ; f-' Tk Z 1T (Dilepton)
P> 20 GeV L o ! M W Jets
. Y i - Iy |
& — / NO b-tag !! 0 +‘J T e T ++-1- .
ol '}‘\h Oy ~""% 100 150 200 250 300
E,™miss > 20 GeV ,4 \ M(3jets) GeV
= m(top,,..) ‘
i i i i 100
Even without b-taggm_g, simple an_aIyS|s, expect B AT A= Ton
to measure m, to within 10 GeV with 100 pb %0/ - simulation,
sol- MC@NLO,
x 10 b1
'“7' wrong b
Statistical errors @10fb-1: 0.05-0.2 GeV il wrong W
Systematics uncertainties: 0.9-1.6 GeV

%

50 100 1650 0 250 300 35 SO0
top quark mass
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| nsig vs lumi |

tt cross section ...

Q00

T 000F =
~ s00f ==
EHHIE = [ EI —
gann:— e
9 700" - %% = 7
|-.'E-mmE— 1= 5
Bt 5"
500 —
400 =l
v 25
F—
““E = Should be able to measure crloss
100-= section with 100 pb!to ~20%
L PR T R T T | | "

&7
E_

“d00

120

i
< \\ Le pton jetS
— 10 b TT———

=

=) :

— Sialislcal unoerianiy

G nnnnnnnnnnnn Todal uncartad iy st luminosity unoeriainty
= ' : :

= Todal uncartainty mif luminosity umoartaiey

s

T I

X

-

= = E ’ : -

ik r . . -
-% a Refine selections for
-EE B R S aaa reater accuracy. . . ..
- 5 1 g 15 20 %5

30
Integrated Luminosity (fb™ ")

60 80 140
Luminosi -1 . : .
YE) The systematics will be important
a Ao /o, Ao /o, Ao Jjo, Main Main Eff S/B
= | syst (%) | stat (%) | lumi (%) syst (%) bkg (%)

10 fb’! 9.7 0.4 3 Btag 7 tt 6.3 | 267
1+jets PDF 3.4 W

PileUp 3.2
10 fb-! 11 0.9 3 PDF 5 tt, with 5 55
dilep Btag 4 (W—tv_, T—=1)

JES 4
1fb! 20 3 5 JES 11 QCD 1.6 1/9
hadronic PileUp 10
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Light Higgs Boson ...

q

>x&--z~<’:v.z :
- s} g L
g H

g Ho P
g t
g g fusion W, Z bramsstrahlung _ T
— L i fusion
T LHC T T T T T T I
pb . alpp—H+X) [ph] 10 Tevatron
10° s =14 TeV 3 pb a(pp—> H + X} Ipbl
- ws = 2 TeV
M=1759 5(LHC)/o(Tevatron): | ¢
10 CTEQAM gg— H
~70 gg = H N
Ly ~ 60 qqH — qqH e T
{0y 1L qq'—=HW q |_’Hqu - ™ 100 TTH 10_1 _;;'q_ SllTmea HT__ B
H_-LH‘ ~10 qq %WH/ZH o e
-k = fﬂr‘ mH<200 GeV 1ok e HZ
. —_ ] HE
0k : e o3
; l l -J-:f b -?
]U i i i L i L L I i 1D_+ll||||||||||||||||I|.
0 200 400 G B TN BO 100 120 140 180 180 2
My, [GeV] M, (Gev /)

Tevatron Main Search Channels
—— e ——

LHC Main Search Channels

m,; ~115 GeV ¢

m,, ~ 160 GeV

"WH— Ivbb

— vvbb, llb
H—-WW — Ivlv

H— vy, qqH — qqtt

ttH— lvbbX

H— WW-— Ivlv,H—=ZZ*—4l,
qqH— qqWW— qqlvlv

Large backgrounds at the LHC
Kétévi A. Assamagan

- Cross-sections too small at the Tevatron
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Light Higgs Boson ...

J. Konigsberg, R. Roser & D. Glenzinski, Sept 2007
An exclusion region growing

:"'!"'""'"“""""'f:::':"“""::;:::!::f::':'::':::'::i:':::::f::::f::':::?:::'::: With 7 fb" -
i e ' 3 | | - Exclude a large region
- (below 190 GeV)
...... 1| « 3-sigma sensitivity 150:170
1] LHC’s sweet spot

| |

With 5.5 fb-' tougher:
! , | , 71 | » Exclude 140:180 range
:. I I. o S— ] ] 3_S|gma In One polnt: 160

=
L
L
A

[ S—
o
|

[S—
f—

........

................. i ALt it 70

.........................

LLuminosity/Experiment (fb’ D)

SRR TVRTE TRUVE FUUYE FUE OO O PP Y Tevatron will run until 2009
10 10 150 10 150 10 10 180 1% 20 | Extension to 20107

—

Analyzed Lum. my, (GeV)
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Luminosity needed per experiment (')

Light Higgs Boson ...

Need ~ fb-! of well-understood data per experiment

-
=}

doi seasovery | | < 1 bt 95% CL exclusion
I 5 1075 discovery
E TOfort ieiﬂ:niiﬂve;zvord
3
e,
_1t ‘g
1]

400 500 600 700 800 9001000

my, (GeV/c?)

Most difficult region: combine
many channels with small S/B

my > 140 GeV, easier discovery with H—ZZ*—4|
H—WW—lvlv dominates at 160 but no mass peak

(counting experi

ment)

Kétévi A. Assamagan

=
=

o

Signal significance

ATLAS - :I:[E!T;IITT:- [T
A W — FET o4
(2003) H — Ww'™ & na
-t _ Ho s g Ww
30 fb-! oo e
Todal significance
i
[

T . T 1
He 22! 4l ATLAS preliminary,
m Higgs selections not
o tt mized
m 7bb opfimiz

zz*

0

100
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SUSY as excess number of events In tails...

Leptﬂn(e or IJ) +multuet5+MET analysds Deviation from the SM could be seen qU|Ck|y

3

events / 1fb™

-
o

I n

107!

ik

[

100 200 300 400
[Asai]
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Luminosity Deviation from SM
(90% CL exclusion)

0.1-1 fb'1(2009) ~1.1(1.5) TeV

> 1 fb'1(2009-10) ~1.7 (2.2) TeV

300 fbi(ultimate) Up to 3 TeV
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but need time to demonstrate that it is SUSY

Ay=0, tamnPp=35, mw=>0

L T . =
tzzly J',”r“.r_“}” =000, )

T,

-
{13
S

1000

ke (1240 mass lmat -

200 o BB

With only 100 pb,

deviation from the SMup to~ 1 TeV.
But understanding backgrounds
would require 1 fb?

26



Understanding the tail ...

tt is the dominant background to several new

phySICS (SUSY, etC) % & 70— 77 tibar full simulation ol
— One should not rely on un-tuned MC to 2 Sl B  pilieading jet) > 100
estimate this background N 5"“
— Best is to estimate this background from x b
data: work on constraining backgrounds N 300
from data is new - what is possible 'Ei 200
depends on SUSY parameters ‘% .
— Take METsig as best discriminant: look i < e ooy gz
for another discriminant X uncorrelated to E S L e

METSsig; one choice is HT2 METsig = MET/o(MET) where o(MET) = 0.49 - sqrt(ZEt)
Measure MET significance in “control band” (e.g. HT2 < 300 GeV)
Normalize to the “signal band” (e.g. HT2 > 300 GeV), using the events at
low MET (e.g. MET significance < 6)

LATLAS preliminary | | Allows a prediction of the
E ZE—:- vv% +jets . background in large-HT2,
107 | — Z(— vv) +jets as estimate _ :
Gt E —_ from W(_s v +jets large-MET signal box
Evenis [ —i
10k _|_—-|—

ﬁ;ﬂﬁt % Most physics backgrounds can be

constrained to 10-20% in the region
B T T 7T R T, T S T ST TR [ T T R g 7 1Y Of ETmiSS> 300GeV Wlth 1 fb-l

==

=

-
=]

Missing E+ [GeV]
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Narrow Resonance—ll at ~ 1TeV...

oy —
' E ' —T= Z s snm
— I . o
10 Ny o =
- P M, -
= B = ! &
{B 1 = F-I?’h-_ I '_J—
E —T-"'L---_..__...___._ 1 1 . I 1L _Jl—_ . gl
E o E [Tt g o Hinee
&+ I'T—+:—'F;:L_ | “| | ” I
s [ = 1 JIHLU u
o 1 Z'—Il with SM-like coupling | I ‘ T 1[ J[JH 1l

S OOy N OO 1 SO0y - OO0 2SO
e S e )

Mass Expected Events for 1fb! Luminosity needed for discovery
(TeV) after cuts (corresponds 10 observed events)
1.0 ~ 160 ~ 70 pb!

1.5 ~ 30 ~ 300 pb!

2.0 ~ 7 ~1.5fb?

 With 100 pb1, signal large enough for discovery up to m>1 TeV
 Signal is a narrow resonance on top of a small Drell-Yan background
 Ultimate calorimeter performance not needed

Discovery likely in the e+e- channel but u+u- channel needed for couplings, asymmetry, etc
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Di-Jet Resonances

e Physics interest Is in the high mass tail:

Sensitivity to excited quarks, W’, Z’, etc.
Limits from and are in the range < 0.78 TeV
With few pb-! at 14 TeV we can extend the range

Crucial experimental parameter is the energy resolution
in measuring jet energy (They are narrow resonances)
|

[ g signal for
L8 w=-07 2 & BT

lll

l11-

. 1
b I
‘ ‘r11r'| L] -L'I

Facthnal Dfem e fmm S50

-al.Jj”JJ ‘

f QCD Statiakzal

- Ereoes dor 100 ph
S L1

asf- CMS Priminary

- -IIIIIIIIIIIIIIIIIIIIIIIIIII [ I IIIII
W0 2060 3000 4000  BOMD G400 OO0 0 i) N0 W 4600 501 5000 TODI
DlatMas () et Maas (W)

Convincing signal for a 2 TeV excited quark with 100 pb-?
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Conclusions

e With first data, up to 100 pb-1 (2008)
— Detector and Trigger commissioning and calibration in situ
— Simulation/reconstruction software tuning
— “Re-discover” the SM: W, Z, top, jets
— Help constrain PDF uncertainties
— Could discovery some new physics
» ~TeV scale resonance X—lI
» Narrow resonance in di-jet mass tail
e Hint for SUSY
» Hint for a light neutral scalar
e With more data (> 1 fb-%: 2009 -)
— Discover a TeV scale SUSY
— Discover at least one Higgs boson
— Understand deviation, excess as signal for new physics

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08
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BACKUP
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Conclusions (1) ...

There have bean test-beam experiments for several years
— Understand the performance of sub-detector components
— Validate software tools for simulation, reconstruction

Detector installation/integration in the underground caverns almost
finished

Computing infrastructure being tested for taking/distributing data

Commissioning using cosmic rays, with almost complete detectors in the
caverns, currently in progress

Detector performance and discovery prospects reviewed with “as-built”
and “as-installed” detectors

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08
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LHC Is truly a top-factory

pp;’pp cross sections

T I T UL I
L Em L < 0. 1 b ;"T’_E L
At low luminosity, . T _ ,
: - 10 - = =
LHC will produce ~2 tt/sec, , = =
~8M/year, compared to a 10 3 —
11 e -
Total of 10,000 ft events 10 e
at the Tevatron 10 *° Onb -
107 e
E _ P
10 J.H(}:'*";- Cir-L) B P L ——
< 7 e
10 R Sy
6 Oz 7| T —
10 O (BN > 100GeV) [ S e
5 =[O,
. - 10 x100 - T~
| I: 4 L = e H
| . i- L _ :f e — B - -
.'*— 103 Y
I T - | -
- FACTORY 102 N -
| Xfﬁ'mﬁ
. l 10 = Cpgges Mu—150GeV) [~ /< |
' A e
1 Y -
10 -1 GI{'EIEE E%IIH?&‘?{F’FT? | ra 1 L1 thxl ‘I' | 1 1 1
3 4
10 10 .5 (GeV)

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08 33



top-quark decays

Top quark decay modes
*BR(t — Wb) @ 100 % A

—Both W’sdecayvia W —ly ¥

«final state: lvlv bb - DILEPTON

i % 2

— One W decays via W — lv
» final state: lv qq bb - LEPTON+JETS

— Both W’s decay via W — qq

- final state: qq qq|bb a‘_
ALL JETS- - N

Hee (L/81)
B - (1/81)
O tau-tan (1/81)
Oe-mm (2/81)
He-tau (2/81)
B oou-tau (2/81)

W etjets (12/81)

B murtjets(12/81)
PR B tautjets(12/81)
6 Ojets (36/81)
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Performance Overview

P

ATLAS

NP =

CMS

- Silicon pixels + strips
« TRT with particle identification

« Silicon pixels + strips
+ No dedicated particle identification

INNER TRACKER
«B=2T + B=4T
* o(p7) ~ 3.8% (at 100 GeV, n =0) * ol(p7) ~ 1.5% (at 100 GeV, n =0)
» Solonoid + Air-core muon toroids » Solenoid
MAGNETS » Calorimeters outside field + Calorimeters inside field
« 4 magnets « 1 magnet

EM CALORIMETER

+ Pb / Liquid argon accordion

+ 6(E) ~ 10-12% /E @ 0.2-0.35%
« Uniform longitudinal segmentation
« Saturation at ~ 3 TeV

+ PbWQO, scintillation crystals

- o(E) ~ 3-5.5% /VE @ 0.5%

+ No longitudinal segmentation
« Saturation at 1.7 TeV

HAD CALORIMETER

+ Fe / Scint. & Cu-liquid argon
+ 6(E) ~ 45% /VE @ 1.3% (Barrel)

» Brass / scint.
*o(E) ~ 100% /VE ® 8% (Barrel)

MUON

 Monitored drift tubes + CSC (fwd)
* o(py)~ 10.5/10.4% (1 TeV,n =0)
(standalone / combined with tracker)

« Drift tubes + CSC (fwd)
*a(pr)~13/4.5% (1 TeV,n =0)
(standalone / combined with tracker)

Source: Froidevaux-Sphicas, Ann Rev

Kétévi A. Assamagan
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Theoretical Errors (2)

The PDF uncertainty has been evaluated using CTEQ®6, 6.1 (CDF
RUN 2 not included). They come together with a number of error

sets.

Out of all the error sets, two (namely 29 and 30) are dominant in the
uncertainty of the inclusive cross section in the ~TeV region. They are
related to the high x gluon (relatively large uncertainty from DIS)

K+ algorithm has been
used with the best fit
PDF and with set 29 and

30.

At Pr=1 TeV, the error is
approximately 15%

Kétévi A. Assamagan
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Expected detector performance on day 1...

_ Expected performance day-1

ECAL uniformity 1-2% (~0.5% locally)
e/y E-scale ~ 2 %

HCAL uniformity ~ 3 %

Jet E-scale < 10%

Tracking alignment] 10-200 pum in R¢ Pixels/SCT
Muon alignment ~ 1 mm

e Performance to improve with the following data

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08
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S I ng Ie tOp e Efficiency = 1%, S/B = 0.47

2,00 DO 0.9 fb-" = tchannel (after tighter selection)
tb+tqb aii
z TNt Lo : — (e
g 10 erp | Wejets i F A Shibata i
w 2-4 jets Multijets B ::::: (QMuL) = u;xdjs '
1-2 tags B o Tan s do
1 . S fbar Cieptonic
%6 0.7 08 09 = 1 s00;
tb+tgb Decision Tree Output S0
« Discovery at the Tevatron before LHC oof S T nten
turn-on m, Gev
 Direct measurement of [V, |, and s-channel | _ S/B=0.18 (MV sel.)
window on new phySiCS 1o0— Likelihood against t-=hb jjb
e All channels have large backgrounds N e R
and “issues” with background = ‘*“:‘1 fo |
modeling: tt, W+jets, QCD S L — I
- ..6 - - I;I >mvwh hrb
e Same general approach in each 3 | e v
Channel —iEl B wii—=1vi

— Loose initial selections
— Multivariate discriminants
(for s-channel and Wt-channel)

o1 o2 0.3 04 05 06 07 0B 0.9 1

likelihood

Kétévi A. Assamagan LHC New Physics Signature Workshop, 05.01.08 38



