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e as discussed during the workshop already ...
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LHC &
ATLAS and ¢MS
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> 1 month heavy ions
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C

~xpectation for 2009/2010 (cont ad)

e instantaneous luminosity of up to e i e 1E
0.8 | &
1-2%10% cm? 5™ I
> at most 2-3 inelastic events per Soof T T
crossing (on average) g L T~ s\
e integrated luminosity (delivered = NG NN
> up to 200-300 pb-! oo LI SN
> possibly shared between two c.m.s. =€
energies e e 15
Q 7 TeV and 8-10 TeV O Z’
e impact of reduced c.m.s. energy on € o}
cross-sections compared to design g |
> My = 100 GeV €%
0 0.3-0.5 resp. 0.6-0.7 (7 resp. 10 TeV) o2
N MX = 1 Tev [ MSTW2008NLO
0.0Lvuiiin NN
0 0.1-0.2 resp. 0.3-0.5 (7 resp. 10 TeV) C oM Gew)'”




Magnetic field 2 T solenoid + toroid (0.5 T bharrel 1 T
endcap)

Tracker Sipixels, stnps + TRT
o/pr= 5x10%p++ 0.01

EM calorimeter Pb+LAr
o/E = 10%/E + 0.007

Hadronic Fe+scint. / Cu+LAr (10A)

calorimeter o/E = 50%/E + 0.03 GeV

Muon a/pr= 2% @ 50GeV to 10% @ 1TeV (ID
+MS)

Trigger L1 + Rol-based HLT (L2+EF)

The ATLAS Collaboration, 6. Aad et al.,
The ATLAS Experiment at the CERN Large Hadron Collider,
JINST 3 (2008) S08003.

4 T solenoid + return yoke

Si pixels, strips
o/pr=1.5x10*p,+ 0.005

PbWO4 crystals
o/E = 3%/+E + 0.003

Brass+scintillator (7 A + catcher)
o/E = 100%/E + 0.05 GeV

ag/pr = 1% @ 50GeV to 10% @ 1TeV
(DT/CSC+Tracker)

L1+HLT (L2 + L3)

The CMS Collaboration, S. Chatrchyan et al.,
The CMS Experiment at the CERN Large Hadron Collider,
JINST 3 (2008) S08004.
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Commissioning with cosmic muons

Energy deposited by
muons

Duyin 66749 Fuant 2010710 TS 160 Ovrhit 1676407489 BY 213EQ

dE/pdx (MeV cm?/g)

HB Energy (GeV)

20 30 40 100 200 300
Muon Momentum (GeV/c)
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The very first
beam-splash event
from the LHC in ATLAS
on 10™ September 2008,
10:19

Collimators I'----Ef[;s""-!
(175m {i‘”m} : :
: I
L LI ! ! I
first beam event seen in ATLAS
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e threefold approach (not fully sequentially)

1. detector (and reconstruction)
understanding with collision data

O beyond extensive commissioning
with cosmic muons

2. "re-discovery"” of Standard Model

o establish how pp collisions
really look like at LHC
O followed later on by precision @LHC
measurements
3. search for new physics detector
beyond the SM unders?anding

O and (precision) measurements
of its properties
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> ATLAS: Expected Performance of the ATLAS Experiment
o CERN-OPEN-2008-020 or arXiv 0901.0512

> ATLAS: further public results
o https://atlas-physco.web.cern.ch/atlas-physco/ATLASPubNotes.html
o https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults

> CMS:  "Physics TDR"
» CERN-LHCC-2006-001 or J.Phys. G 34 (2007) 995-1579

> CMS:  "Post Physics TDR" Results
>»https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults

e most (simulation) studies done for Vs = 14 TeV
> recently studies ‘published’ for Vs = 10 TeV as well
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‘re-discovery”

of
Standard Mode/
(and more...)
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e Pile-up included or not yet ?
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luminosity uncertainty (%)
o

5t

B LN | 4 ' LI |
[ parton luminosity uncertainties
L at LHC (MSTW2008NLO)

I —gg—=X
[ ——qqgbar -5 X

GG X

where G =g + 4/9 zq(q + qbar)

M, (GeV)

PDF’s, PDF luminosities
and PDF uncertainties

proton

underlying event

underlying event

and minimum

bias events

J. Stirling

outgoing parton

e interesting part:
the hard scatter
> but it does not come alone

LO, NLO and NNLO calculations
K-factors

“*Hard™ Scattering

final-statc

rachiation

outgoing parton

jet algorithms and jet reconstruction

proton

benchmark cross
sections and pdf
correlations

underlying event
initial-statc

radhhation

Sudakov form factors

R. Field, Acta Phys. Pol. B39 (2008) Vol. 10, 2611
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__The SM menu (sortof)

PY minimum biClS proton - (anti)proton cross sections
. 10° g g 10°
properties - 4 £
o UnderIY|n9 even'l' 107 " Tev;nron LHC 107 :
e jet production © ©
> cross-section, di-jet mass and :z 5, :z -,
angular distribution, shapes - L E
e direct photon production o e 20 0 7
. :g G, ! -
e W/Z production < o i
- incl. in association with jets 11; o, (E > 100 GeV) :Z 8
e Drell-Yan lepton pair - o
production 0 e/ 10°
- incl. low mass resonances oF 10°
e di-boson production C 200 Gov .
. 10 500 GeV 10
- gauge boson self coupling o7 B DL .

e top quark production
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.~ .Roadmap" for first data

e 1-10 pb!: calibration and alignment with collision data,

first measurements ("minimum bias", ...)

e ~100 pbl: refinement of calibration and alignment,
re-discovery and measurement of SM processes,

first serious sensitivity for new physics

O expected statistics, scaled to 10 TeV (and 100 pb1)

>5%106
108
5106
2.5%10°
2.5+x104
>104

“minimum bias" events (after trigger)
jet events (after Trigger)

direct photon events

W->|v events

Z~>1l events
Drell-Yan events (small invariant masses)

e ~1fbl sensitivity for Higgs boson discovery,

supersymmetry, new resonances (O(TeV))

Seite 16
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e experimental definition of minimum bias
events necessary
> usually related to trigger (bias)
e several methods to determine charged 6
particle multiplicity
> track reconstruction
O challenge: access to low pt

> hit counting (pixel detector)
O determination of secondaries

dN,,/dn atn=0

-=== FHOJET1.12

PYTHIAG.214 - ATLAS
. PYTHIAG.214 - COF tune A

PP interactions

® UJAS and CDF data

ATLAS

> tracklet reconstruction
Q pai;s (triplets) of pixel hits

10

L]

Vs (GeV)

107

FrT | T T 1T | T T 1T | T T | T | -
L . 1~ a I [TTTTTTTT =3
5[ CMS Preliminary 18 s % 8f 8
! 13 ) ATLAS z | o
L i O'\ 5 S0 Q F |
4 C ] ol z‘” —— MC charged primaries %w o 8
L i - L i r o
C N e 40— 4 Corrected newTracking — - ~
L i L 4 . |
5 af 19 : &
E L —.—'_*_'—: V) 30 L _ 50 B a.
= § L =L —— MC charged primaries 0
= g = ]
2r _ | [ : 4 Corrected newTracking Z
i 12 20 ] 5F 105 &
s [ - = Ratio: Corrected/MC w
(S} F i (8}
— — - - 1 4
1r PYTHIA 800GeV_5k [ 4.8 |resafuampr g geesse soneebosdese ok T L s 4
MC Truth 10— = . (o s et e L i1 1]
—+—— Reconstructed i L - b
0 _I [ | LI B | | LI B | | LI B | | LI B | | [ I_ 4 6 ; :
‘3 ‘2 ‘l 0 1 2 3 07 e e b b b L Loy .’HH|\H\|HH‘HH‘HH‘HH‘HH‘HH‘HH‘\HTO.QS
n ' 0 02 04 06 08 1 12 14 16 1[(83 V]2 25 2 145 -1 05 0 05 1 15 2 25
/ pT e
V=900 GeV s Vs=14 TeV k
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1 02 ETT LIS N L | T 1 17 I L T 3 _I TT T TT TTT TTT TTT TTT | TTT ‘ TTT | TTT | TTT ]
“Away™ E _e_ J - — 1M
Chgletl T L Tracks i —E—TB20 ] B _?Jne B\\A’\J{T ] 8
Dil‘ectil}[l ] I P, > 0.9 GeVic at i 2-5 | Tracks . une 1 1
“T ransverse™ o il <2 w | JstB0 B p, > 0.9 GeVic ---Tune SO ] B
Regiow % 101 B e ) . C Il <2 ---Herwig ] D'
o) 3‘3 s & GMS Preliminary A 2" CMS Preliminary —_RECO ] 8
) = £y A1 5 T 1 G
2 n fo oty Al B - S 192
O o Ui O {15+ — §
“Transverse™ “Transverse” “ Loward” Region| é“ ] LIy el S — 2 B 15
3 E = L I
“Transverse™ ﬂ')o_f— F oe © r g _gp Bnr™ q-]-:'—qn?::l_f 2
Tesion o : cc ] 1; G T D@ﬁ@%&%h s E_D__JI_L (¥
“Away” 2 K ‘%—‘ ~ e — —— T ]
Region 4 %WM L i
1} S —
o M +| _1 | ‘ | | | ‘ L1l ‘ L1l ‘ L1 I L1 | | i o ) 1
' 107450 100 -50 0 50 100 150 0.507 e ]
ChgJet-track i :

0 20 40 60 80 10012014016018020(

e underlying event (UE) definition pore el [Goyc]
> all particle production accompanying the s

hard scatter o — Ty _%
> importance > contribution from multi- 2_ wslplm e _é
parton interaction to UE £ g m’ %% %@ﬁﬁ; @%@ﬁ%ﬂu;;fﬁ%ég
e measurement in transverse region z “tr - B
> relative to jets (or Drell-Yan pair) W __ E
o distributions shown for 100 pb-! 0-5§ . ]

e importance of minimum track pr ¢« oo [ o0 900
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ditet azimuthal de

-§- max 4
5 + pT™ = 800 GeV (x10%)
o 500 < pI"** < 800 GeV (x1 03
s 300 < P < 500 GeV (x1 0?)
o 200 = p7** < 300 GeV (x10)

o 120 < prax = 200 GeV

)
L=

= 3
S 10
—|

d'o/dndEyl 5 (b/TeV)

10?2

Sim-Data (L=10pb™)
Ws=1.8TeV

~

PR ST T N Y SN TR SR TN GO N ST SN S N MU S

1 2 3 4
E. (TeV)

e need to define what a jet is

10 CMS Preliminary

CMS-PAS-QCD-09-003

Tevatmn SISCone R=0.5

i e sensitivity to modeling of radiation
2

= -~ HERWIG++
1 [ 103E s e MADGRAPH
9 JeT GIQOF‘IThm F ast -~ - NLOJet++ (CTEQ 6.5) ='='LO
. b, =t =Py -=NLO
o challenge. jet energy scale S e ]
A
de"'er'mlna'“On Js=10TeV P dijet
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e global transverse thrust global thrust minor
> 4 for homogenous event deviation from thrust axis

- : (P x Hg) x "
T, = ] _TL,g- Tm,g — i |Px,i _ > (P B) T|_

YiPl, YiPl,

: 1
TJ_rg = max LilPLi fir
fit Y i P,

CMS preliminary CMS preliminary

D_1 E B I T ﬁﬁ I.l._ T T T I T T T I T T T I T T T I T T T I T ' : T T T T I T T T T I T T T T I T T T T T T T T I T T I T T I:
: = sing . . i - QCD-Multijets - =
0.14 - WE-a8go, 250GeV <E_, < 500 GeV ; { i-%-i — = ktBalgo, 250 GV <E_ . 500 Gall a 1- =
i * comectad CaloJets (PYTHIA) » l“i_ |--—-i ! ] 8 0.2 :— « corrected Caledets (DYTI LAY E ' ll —:
0 I . -y — . ~E N - .

] S pb | 4 O - — .
=3 : Gendets (PYTHIA) rr;-' .! | | 19 2 e PYHA W07 ]
> 0.4F CenJets (ALPCIN) po - S lz. 4 © = 025 == =
_3 [ 'FE_J T 1 A g* T ——— 3endats ALPGEN) o f - ]
B . — (¥} e Py i I —]
< oosf o 18 T oz _E ]
= - 4 1 w 4 = jds ]
T 0%F i 32 $_0eF o i =
.04~ by 1 = 0.1F rs E
B g . - H I 3
002k _._Fj ¥ - 0.06 ol ¥ 10 pb! | 3
b 10 pb” 3 E e
0 i IR TN T T AT A AT A TN TN A B A A B A B 0 k. AT IR RN BT I AT AT AT AT A N A AT AT 1 [N

14 _12 10 -8 B A D Js=14TeV | =7 € 5 I-: T 3 2 -1

|E|gTJ:G Dg m, G

e sensitivity to modeling of multi-jet events
- insensitive to jet algorithm and energy scale corrections
- input for MC tuning
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e efficiency determination A § -
" u & T“d: 8
> "tag & probe” method (data) o —— - 8
&
3 - 50 pb” 18 > Z
BI000F L ATLAS B Exirapolated Background —| O o = Ty
g - B Signal 1s ©
W 2500 QCO MO stat (= 50) — Q
- ]2 ® Tag & Probe
2000 4
: = I:HEE — MC truth 4 ATLAS
1500,:_ _:zl 0.4 I.||Ir5oplb||1
= 1 & 15 -1 05 0 05 1 15 2
1000F 4 > n
5 1 | Vs=14TeV
500 = s "
C ] 600, —18
- | | e L -4 O
0{] 20 40 60 BOD 100 120 140 160 180 200 E 1o
Invariant Mass Mee (GeV) Eﬂﬂ:— — §
e Z - ee signal in 50 pb-! T 400F 32
. . o= N MC 10
> selection via T Measured, before corrections | J,
S - Measured, after corrections 1o
o 2 electrons E+>15 GeV g3 | 18
ST 200 200 pb-t 3
o soft identification criteria SA—— :
- accuracy on inclusive cross- — E
section (nO IUminOSiTy Uncer"".) ]]!5' -I| : '1f5' i zl_i g :215' 3
O 2-4% (stat) and 2-4% (syst.) = Rapidy
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o W SZICCTIOH 4000; L =10 pb” CMS Preliminary §
> single muon with 3500;_ S EL
pr>25 GeV and |n|<2 3000 LR 13
. . — W — v a5
o as well as isolation 2500¢ =z | s
: 20001 ey e
e background suppression ook - 12
— =AY
by cut on m+: - -
Y Mr 1000 =
W I v 500 .
my' =2p;py(1-cos AY) -
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e reconstruction efficiency via o i
o~ S L =
“1'(19 & pr'obe“ also for muons % - L=10 P(';: CMS Preliminary | o
B s
- 40
oy 1 - N 1o 2103 EI\(;V(;)I}HLMX — ~
I e men R e L X 13
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F J O : m g
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e sensitive to u and d quark pdfs

e only few systematic
uncertainties

*_‘a\ 0 T T T T | T T T T | T T T T T T T ]
(O} i . ]
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. WiTh iniTiaI daTa (Only 15 pb—l) ? E|||||||||||||||||| |||||||||| TTTT |||||| |||||||E g
> oo ATLAS e o =0.98 B
> pre): 120 ® 117 MeV 2zt “i=10f 12
> energy scale dominates * 200E o - §
- 16
9 MT(H): 57 (‘B 231 Mev 15:][::_ _: Z
2 recoil modeling dominates - ]9
v 100C— ]
mY =\2ptpy(l-cosAd) T .
® precision measurement: with 5 E
higher in'l'egr‘a'l'ed lumanS|Ty I I B T R T Wy Ty Ry
e pT [G2V]
S 2] [ —tv]
= “Method 22(e) IMV] pz(i) IMV] Mr(e) IMV] Mz (1) [MeV]
Omyy (stat) 120 106 61 57
Omw (OlF) 110 110 110 110
5mW (GE) 5 5 5 5
_ Omyy (tails) 28 < 28 28 < 28
P Smp (e) 14 _ 14 _
Omyy (recoil) — — 200 200
Smyy (bke) 3 3 3 3
Omp (exp) 114 114 230 230
Omy (PDF) 25 25 25 25
Total 167 158 239 238
\s=14TeV (estimates shown for 15 pb!)  cern-oPEN-2008-020
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e important background for

many other physics processes
> top production, SUSY searches, ...

s

a T | T T | T
N (=3 i
ht.:)jo = ATLAS = W — ev i bkg =
-'GC_; B — - I:IJetS 7
E = -Top .
10° [z ee —
-W—>'|:v g
10" .
10°
1 2 3 4 5 [5] 7 8
= Njets (F’T(Jet) > 20 GeV)
Vs=14TeV
A F T T - B
= C ® Z > up+bkg] - —
- ATLAS R
~ 10°____, O Jets - 2 N
£ - = @ o
o B . ] B
s 10 = é -
7 o -
10° <4 2 §
_—— -— |
- [ |
— O B
102 z i
':_E 0.4~ ™ ./ 10% JES unc.
10 8 B = ./ 5% JES unc.
—
S 0.2 — 4o UES une.
1

https://twiki.cern.ch/twiki/bin/view/Atlas/StandardModelFurtherResultsWZJets

1 2

1 2

3 4
> Njets (P (jet)>40GeV)

3 4
> Njets (P_(jet) > 40 GeV)
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e robust selection criteria

9

9

one isolated muon, py> 20
GeV

O veto on events with
further muons

>4 jets, Ey > 30 GeV
O SISCone, R=0.5

ts 15%
- i
SEilnrfions? T . Onob ’ragg ng used
— X 5 e highest vectorially summed
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‘re-discovery”

of
Standard Mode/

(and more...)
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Combined Exclusion CL
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search for new

physics
beyond the

Standard Mode/
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Recibe (checklist) for ¢

e to find a deviation is easy ..
> to prove that it stems from new physics is harder

> simple-minded recipe
o find variable(s) discriminating between signal and background
o cut away most background (maximing signal significance)
O estimate remaining background events - look at yield ...

e need to care/worry about

- is the detector behavior really understood ?

o efficiencies, fake rates, energy/momentum scales,
non-Gaussian resolution, ...

> try to obtain as much information as possible from data
- is the SM prediction really understood ?

O cross-section, kinematic distributions, underlying event, ...
> must know sources for uncertainties on these
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e present exclusion limit (Tevatron) A*: ~2.7 TeV
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.~ Resonances indijets

e present exclusion limit (Tevatron) dijet mass: ~ 0.8 TeV
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Drell-Yan lepton bair broc
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e two electrons with
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> with identification criteria
> not required:
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Standard Mode/
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g opposite charges

Standard Mode/

... and more
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Misalignment and discovery botftentia
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e MSUGRA ' , 1<Q:h% <03

> onhe model for the
symmetry breaking

> defines benchmark
points

my/2
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e event selection
> lepton(s): electron or muon (|n|<2.5 and p;> 10 GeV)
> jets: cone algorithm (R=0.4, [n[<2.5 and E;> 20 GeV)
> E{Mss: using calorimeter cells, adding muon contribution
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e inclusive search (Vs = 10TeV and 200 pb-1)

- using 0,1 or 2 leptons and up to 4 jets
- discovery of squarks and gluinos with masses up to

600-700 GeV possible (case of R-parity conservation)

Vs=10TeV
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e Universal extra dimensions e mini black

- analysis similar to inclusive :
holes:
supersymmetry search
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. Summary and outlook

e first LHC physics run in 2010
> s =7 TeV (with possible step-up to 8-10 TeV)
- integrated luminosity of 200 - 300 pb-!

e ATLAS and CMS are ready and well prepared to
exploit this initial data
> extensive commissioning (e.g. muons from cosmic rays)

e threefold approach to initial data taking
> refine detector understanding with collision data

> establish properties of pp collisions at 7 TeV and
beyond
O 're-discovery’ of the Standard Model

- search for new phenomena and surprises
o first possibility to move beyond Tevatron sensitivity
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e hope to be soon in a situation where we know that
there are a lot of unknowns to be explored
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